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ABSTRACT 

Damage sustained by equipment used in a moving carrier 
suddenly changing its velocity can sometimes be attributed to in- 
adequate protective cushioning. Proper design of the protective 
cushioning can be realized by reducing the equipment and components 
to idealized mechanical systems and studying the responses as the 
system parameters are varied. This study considers the response to 
velocity shock with elastic impact. A set of design curves showing 
maximum acceleration of a flexible and vulnerable element a an 
equipment and the maximum deflection of the equipment's cushioning 
are produced using an analog computer. Additionally the computer's 
results are compared with analytical results for a few particular 
cases. 

The writer wishes to express his appreciation for the advice | 
and assistance of Professor R. E. Newton in the selection and per- 


formance of this study. 
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iy Introduction 

One of the causes of mechanical damage in the transportation of 
packaged articles is inadequate protective cushioning. However, it is 
possible to predict what cushioning is required to protect the flexible 
and vulnerable elements of a given equipment. This prediction is based 
on the supposition that the container for the equipment, the protective 
cushioning, the equipment and the elements of the equipment can be 
idealized as a system of rigid masses, massless linear Springs and 
linear viscous dampers (dashpots). 

Figs. 1 and Z illustrate the schematic representation of a package 


and its representative mechanical system. 
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Fig. 1. Schematic representation of a package. 
i Element of packaged item 
Za. The packaged item as a whole 
26. Cushioning 


ce Outer container 





Packaged item 


Cushioning 





Outer container 
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Fig. 2. Idealized mechanical system representing a package. 


In this study we shall be concerned with the responses of the 
package that is undergoing velocity shock with elastic impact. Velo-=- 
city shock is that shock which results from a sudden change in the linear 
velocity of the equipment or its Support. If the outer container Ma does 
not rebound from the support we call this behavior inelastic impact. ‘On 
the other hand if mass m3 is eonanl? small it will separate trom the 
support when the net force applied by spring Ky and dashpot Cy becomes 
tensile. We call this latter behavior elastic impact, or perfect rebound. 
The idealized system we shall use exhibits perfect rebound and is shown 


mig. 3. 
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Idealized mechanical system consisting of a massive packaged 


mig. 3. 


item My anda small element m)- The outer container is assumed 


massless. 


We now have a system with two degrees of freedom and, to make 


this system tractable, we will consider it to be linear. The free body 


diagrams of the two masses are shown in Fig. 4 foru = u=O. 
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Fig. 4. Free body diagrams for mM and m, of the idealized mechanical 


system. 


The differential equations of motion for m, and mM, are: 


My x = -K,(%\- es) a aa SC i Xn). (1) 
exe = K,(%1-X2) + C, X2) —KeXe— (2) 


It can be seen that there are six parameters: my, mM, rk 
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It is convenient to define 


[ 2altte, G), A ND 





where the new parameters have the meanings: 
G) 1! the natural undamped frequency of vibration of mass m, on spring Ky ; 
() 9° the natural undamped frequency of vibration of mass Ma On spring Ko 
Q 1 the fraction of critical damping for the subsystem consisting of 
mj), kj, Cy- 
Bo , the fraction of critical damping for the subsystem My s kK, 1 Coe 
Because both the length and time units may be chosen arbitrarily, 
it is possible to ignore absolute values of masses Myo My, and irequen=- 


cies @,, 25. We use instead the mass ratio la = m,/m.,, and the fre- 


quency ratio (J, / WJ, . The differential equations of motion become: 


Xi — ~ 051% - ee) —- 26,0); Gx, = =e (4) 
7 2 © tH 
ies — GJ). i. a LL fa Cd) 2, Ma —~ fA Ki - (5) 


For perfect rebound the first two terms on the right side of Eq. (5) do not 
apply after loss of contact with the support. Eq. (5) then becomes: 
Ke = ~h x, (5*) 
From a practical standpoint , is normally small and f& is 
usually small. If we fix pf at a small value, say 0.01, and uSe the 
limiting form assumed by Eq. (5) as J approaches zero, we can reduce 


the number of system parameters to two: Pu and ww, / Gs, 





The behavior of the system thus idealized is studied in Section II and 
Appendix B. 

A second two-parameter idealization results from neglecting 
damping (6, =f,=0) and confining attention to the effects of mass ratio Je 


and frequency ratio 0] This system is studied in Section II and 


ine 
Appendix B. 

With just two parameters, analytic solutions by known methods 
are feasible. However, such solutions are so laborious that it is im- 
practical to produce a set of design curves covering a range of values 
of these parameters. Accordingly, a set of design curves was obtained 
using an analog computer. 

co 

The design results include the maximum acceleration mA, max 
of the element m, of the. packaged item and the maximum deflection 
of the cushioning. The maximum acceleration of ™, is of interest 

co 

because it is a direct measure of the maximum force M, Ky max acting 
on the structure of the element. The maximum deflection Kamax is 


of interest because it determines the required physical dimensions of 


the cushioning. 





I] . Experimental Procedure 


The free body diagrams for m, and wm, of the idealized mechanical 


system shown in Fig. 4 of the Introduction are repeated below. 





Fite, 4. 


Repeated. 


The differential equations of motion are Eqs. 


(4) and (5) of the 
Pmeroduction. 
ceo J. i eee. . Pee ¢ 
meee - to, (X%.-X2)- 2 4,w, lk =e (4) 
ay 2 6 re 
fee (On XX, 26,0. — Sar (5) 
By setting: 
Eq. (4) becomes: 


ow 7 | ee = _ 2 _ 5 = 


Eqs. (5) and (7) are setup on the analog computer as indicated in 
Pig. 5. 


Equipment used is listed in Appendix E. 


The computer was scaled on a real time basis. 


Coefficient 
potentiometers were uSed to correct for the differences between nominal 
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and actual values of resistors and capacitors. The Donner Comparator 
Bridge was used for precision measurement of the potentiometer Settings. 
A diode limiter, type 6AL5, was connected across the feedback of #1 
summing amplifier to cut off the output voltage when the voltage changed 
sign from minus to plus. The time of cutoff is the time of rebound. 

In making the "runs" the initial condition voltage Gy, xe was 
connected across the #3 operational amplifier. For the "runs" with 
damping and zero mass ratio, the 2Z p coefficient potentiometer was set 
at 0.02, the Bee coefficient potentiometer was set as required (0.0, 
0.1, 0.2, 0.4, 0.6 or 0.8) and the as coefficient potentiometer was set 
at zero. For the "runs" with no damping and significant mass ratio, the 
26, and 2h, coefficient potentiometers were set at zero and the fe 
coefficient potentiometer was set as required (0.01, 0.1, 0.2, 0.4 or 
1.0). In all "runs" the @, coefficient potentiometers were kept at a 
constant value of 0.1 rad./sec. and the W, coefficient potentiometers 


were varied to provide the desired frequency ratio ( ), / , ). 





Ill. Analog Results for Velocity Shock with Perfect Rebouna 
The analog results are presented in the form of design curves, 
Figs. 6 to 13. The curves are plots of: 
(a) xX, i) ene oSyr , with frequency ratio W/W. ac abscissa. 
se MAX etd is dimensionless and is called the "shock 


oo 
transmissibility". It is the ratio of maximum acceleration X, max 


to the maximum acceleration X, W, which would result with no 
cushioning. 
oO | ce] 
(b) ree ORY , with frequency ratio W), fw, as abscissa. 
x ae Xe an is called an “amplification factor". It is the 


ratio of the maximum acceleration of m, to the maximum acceleration 
of M5 with no damping in the cushioning. 
(c) Ks nal (Xo/ ta) , with frequency ratio W/W, as abscissa. 

‘a max /( X [Wa ) is called a "deflection factor". It is the ratio 
of the maximum deflection of the cushioning to the maximum deflection 
of the cushioning with no damping and negligible mass of the element m, > 
fa) Az. mse Ro/ 2) with damping fraction Pz as abscissa. For mass 
ratio “=O, Xz max/(Xo/W2z) is independent of the frequency 
ratio but is dependent on #82 which can be seen from Eq. (22). 

These curves can be utilized in the selection of adequate cushion- 


ing for a flexible and vulnerable element of equipment undergoing a 


velocity shock. 





«: . er: . . 
= _ —— oa pve ie 
“Suet enne FPnaee Secs ae So = [Saez iT DU aeaSGeSR > 2eRa ROS aes BS i 


, thee . i coe SS SE 
ei GIGs GUC Ud GREE EF Oe ESS £98 EE DORR As aAwsS 
































— 7 = a wee pauae rere’ TT i _j = = 
ee BS @ 10008 FS 8 8 OE SS SW Wi Sy Be My Ws 6 0 GL) 0 bd ORO CORREO BOOED Oe Sees eee eee Gl ERO Beee ee = 

1 19000 190 80 00000 CONC C dO 8 CORE RGR BU ORE ERE RRRR OEE 8 88 EPS ES TSA was VS SF SH 1 PSSA BS BS SW DW wy Wy Ms, 1105 1001 (e000 0000 eae GOO |ea RAGE SUOSB O88 Ht 0 CSRs ew eS © De ee ee PE Ee 8 ee ee ee 2 ee ae 
LC TU DOGS TED ROON TEE 000 DEE OOS CORO RECARO S88 BEEBE eee ES 2 eee eS DB SS Cee eee SSS OSS SD Bi Sy By). IN) Hao hed I OOS UO OOS OEE ORR O ERE 3 CSREES we Ree BREE eee Se eee 
RUT TTA Me OL | pec e eee ey TT pegegieg) Ct te Cote Fe ee fi fis fees fn eee a ae a a eG ee ee Kee tn ti] |. ey | bon | | | | or f| J ff YT apky Ty tT) Py yf 7] fT por y ak 
LIC COOMBS 9 OF EC ed 0 CORT OD OOO RRE RS SONS 8 BEES 8 PORE OEE See ORS SD Cf See & Bes we BW lt ew OCC OCOD 00 00a BOGOR 8 O88 Bee ORE EE SSS BESS ee 6 ef Oe Bee BP ee ee ee ee oe 
) CRUDE ESTE GOTT OS DOS CEO COR OS 1GGRO ROR D RESO EEE Pees eee ee es eee De ee ws SS eee ee Sw ee ee ee oe 1112) lide O00 Wb GUC on OSE fF E eee 4 BeBe eS Tse ees ee eee ee eee 
GUID VU02 La 202 CRA T AEG 00 C06 Bass CUO REe BORE 268 SORES 1S Be Ewe ww OS SS es DD lee Sees OS @ ee 1200 JG DUCT COPE eB Bek eo eee eS De Ieee sees ee SESS eS ee eee 
—POMAAM NIIP SG ERS TS es COO OOOO NRE O08 MO eRe BODE BBE ee eee ee ee Ee SS HH 1S FSS OS & BS DW SS Se ee ew ie O11 0 0d aanaa 2p ee Nelle a ieee, [a ae oe ptt TT 
COU oud LEC APG CeO RE Oe 8S O48 Ses Ree eRe Hee eee Ses PSS SH 1 ses ees |S BS wee eee Oita COOSPO POOF * #8 Oo COO FS Pw eee SP |S Sw SE PKS eee eee 
OT Ao 0 is ya 0 0 G0 18 ged Bee DOS eee Ee TORE eee Pee eS US POs SO S26 & OS BW WD Di Ri Bae Mee BS 111100 1010 09a Od 0 ae ee Od ORBEA OOO BOR Oe LORE Ee oe 2 OS OR 2 eee eee ee ee eee ee 
CARDO 1 C0 RP AD Cd E80 C888 8S 888888 68 Ee Ae Ae eee SESS ODS LV Fee SS FB GS GH Bl Se Se Se a dae TUCO CUED OU BAG OOU COON SU0 0d 0b GREE ee ee SSS BS SE WE les ees EES eee ee ee 
» TMI a eTOCs CUO OEE POLE oe eee OAS 8 Oe COANE 8 ees eee sss OSes OSS Sl 1608 EF SS PES OF SW BW BW Be Sw es 10 adandes Q00000 UL JOC U8 OE TSS ee BE ewe Ee Se MH 16 ee Pees we ee ee we we eee 
CIMCON 0 Ode COE OO TUE 00 OBR OS8O8 188 See 5 0 eS ee Sew Hee VSL DB ele SE SHS Sw SS BW Bi Se Se wy Mews 1810) dda G00 UOBBOROROOUS000 00 GO IUOREO be Ieee BeOS ees eH Ise eee ee es eee wae ee 
CD oie POET ILO Oe EO COE ee Oes OOes Eee Ss CORSE Ss TES eee eee BB fl see 3S DW Ses ww ww Q0008o0 NOCOOEeBOCO CCL see Tee Boe Sees BES Be BSE SE Ssesese eee eee Se ewes Se 
poe 10 i OTC A PC CT O08 0 Se SSE 800 Oe tee DERE es DSL Oe OS 2 Be LSS See BOW SS wy SE ee ew le COU I00ag GUA OO CURDS SS oR ee CSS EEE Dew SW MM Pee eee eee Bee Vee eee ee 
kareena iiom Mirecm Mire salu [Oalaelerelolapmel PY Tee etm tot | | poet ot loa eae, le fest le alee ale ele lel eles fay eT aa TU0T80 DS ORES OCU OCU ESS GERSON VOOR SES EE SSE Se SS LAs eee eee eee ee 
OLN MD SD Og ST CORRS 1 ROR 89888 186 Be eEes Fee Pees eee ewe SS S&S YS 1S SS SSD SS VOSS \ Wi we See BS aT pdnaaes @90 PA0ERO PG LQOUDU DOB SEE IID CORES Ee SE Se SSS eee Le ee eee ee ew ee ee } 
O90 TOON DOE g 00 08 MEE ON TGs LEESE 88 88 REE CRE ERE RAS eS SSS SS DH HH) [OSS SRR BH Wy Se Sy Sy Ve Me BS Hew 161111961 1010 ON Omen e de a0 aaa eaaeeeheeaaaaaaaa tit ttt tt fp tt ty | 4+ T'asee Hop tt 
0 oe I a ade a Nee ee 8 OORT Se PES SESS SSS LBS ES SS feels eS 6 SE BSS We Se WS SE ee ee amanda GOO0C0 Gens e@Or 124 OE Pees Awe SS ee pose || ar Be z= 
Cowl LOJA OE Sa dd EOE Ie CORE U8 88s PE See Eee Ss Sea OSHS BS [SSS SS SH BS eS Se Ee ee SS Bi tl eM eae an 00808 CO00ERSTE ROR COW Lee ee 2S Sew Ce Bee: TSO S SS Saas 
“LIT 0a Rs eR Oe 18S UU OE O00 00 OSS G8 188 GORE EEE FR Se SSS SSS SS 6 SSE PS 6 PSS B HW wo Be Ss Se SE Se we we 101 101 Hee igaeed ceoeg eon G00 G0000 CLORROROS88 As OOO REDE Lee! BEaRBESE Lee ee!) bn. WES as L7@ 
Te eee eee ee SS a eas a es err ene ee ESOS PESO SSE S CSSD! oe ee eee ans eee === 

20 18080 led 00 18GB ERE SS fees Dweo swe ODSES& | a 
ar tasdd cameron nes EnESS Ona rasteaaaae (IAA E0088 35 6 OBES SOSA De Oe. 2B BL Bw SS CSIR SSS SS Bw wee ee 1 (00000900 0A ON 0d OR COCO COOSA Oe ee. PRS ee sew 2 we we 2 ee eee eee ee ee 
UWL COM LO] D0 SOE ORE DOGS F PERSE M9888 SEE RE 68 eee SEP ewe Se we ee es eS 1 ee BASS SB SS SS Bs BE ee ee i 0000 














DUG SHS OSes SBD | 308 SAS Se2 eR SSS BSD www |i... oil (U0 000" (bee l000 DOdda 00d 80 DUR EE OOS CUE ES EERE LOW LESSEE 4S 1S. 6.) Aww 62a eee... ee 
vena (ensl Saget Fesvs CnpvOGuOUE cn COGdEGUG GROSSES ee ooo oo a Ee & SS BD DD Ss GOS ES SS SSH SS BW WD We we Be ws (C 11 111120000001 000 000000980 bod 0 ORR ROAR OO as 8 OCR ROSGE 1S SEER. Bee 2! 6 ae we eee ee ee l 
dma 11000 00888 D000 00 8995980 8 eOneR ET OOS SS O38 OSS SSS SL BV HM Si CP SL SSS DP SAD DH BS MW WB we Hy 05 6110107 1) 0 10000000 Wd g00GO Wadd Gad OONAE AO GSS COU OUR’ 2S) Je we 6 sme Ne aan an 









































































BS ae OS 808 OURS eG SE BES BD Hl Lehee 8 2 SS BHD Se we ee ws © 400 SBP 4 OS iE ¢ 2. Rw oi ia Sa 
tisses UGSCGRES CESRSUGESSGEGGESnee OOBUCE SOS ORs SS Sw DH Cocos eee Se OS & @D HS Sew De ww 1101500100 JUSGG8l (SRE SEF * RE Lee, } 
PILBIITIPOUT00 0 BESO ROBBER Ose CU a £5 G7 .2B”. 742 Dw ieee al | — ‘ 
DE0TBOOOS85 008s 8 eee oases iefafatelatealeya) af eae, lalela}afel la falat | fea) ala J/BGEnaSB”, 04 {22 Et fee a et ee ee mi ; 
(Gal 1Bldd NGAGE 08 CHO 008880998 2 BADE EHo FP eOeSSeea Frases aw Co ct et le =a ie 
(SF CYL HET LAT Ie TD GOGO e OROEDAT TNs FOROS Eee eee Bae ee See ews a me Se ae we 
TOUT ee Or O08 E000 BECO E O08 FES LEE Es Pee eee eee ‘ 
SOU NEI aD (Oe 2 TT COO BOOT LOE Owed Be eee 40 tee ws a + Same: E 
EU TRITE CHER TULARE (ONES IDEM MONE AGO Es ROR RTR EOE BOS BEER Oe a a Oe 
(1CUMN £497) 1906 raga POOR TERE Te CE CORE CO RRROERRE E88 888 BR eee 
ie treet ee ve teet estensad fost eoses SaSt Sunes a ae 
TaEn OCT Ogun SRGRLGEEE TESTE oaas C0000 10000 TOdEs TGs tOGade PIM FOBGOE C8888). eeu Geb Eee SS” 61RD BRE SE ees eee Ur. i 1] 
Roo or GoDELGODEQCRBRCCEREnesetee. 2. CARSRGRE8SS 42ERE Rel 4ee OF Bl.) 6 AO ee hee eee Ne 
09 EE HERE Oe Co Raaaeees CEU 000 CC ERCROEE 1EQRRQRRERTEAs AGREE 88es weseEke 4S a8 SS ¢.) SRW Ses ee ee De eee Be ay 
liatere CUES) Chyes Faeee aaseagtaee (O0G0SCu OGsMOROGdNedooGaeeno!” “COBLe COCO’ H8BBeEh..OOUe Bs 4 LEDER EE www wee eee eS eee ee i= 
AGT EN BE TOSNCERT EE St EGA CATER TERA ae HUDT50 CLG UOTE CER OTOS DEO OMABEMBOREC. «. SCR SRSSt (BARRON & ANSE P41’ .7. OSS Bw Swe reese Ltt 
CULES LOT LORS 020GN LeSTR EEE Gg 1eRes CR EeREee JI) 1B 000 Cn ened Tie OEE GOUOOSe OL DOOR OS8eO. 108888  Beeee & LES RRS E2 SES ( LASSEN 7 Ea 
CLT) LETHE LO RST CVETE ARAM eed deeded Tee eeeeses (O00) 1000000000 NAR MEES 20 ODEOOMESTT ITIL ACHAT RESSEES 2980 nC /. EEE SS we eee “21S Pas "3 i i 
COYLE ASH TTT aT 00 PEST 8 OREO ORR REO REReRes as (Oli CAt00 60 0ud Oe DOO ORGS TURBO 0O8G POUR OS! JRO OEOl 40s S46) 4S ees eS wee eee Am oe be 
SURED ET) Leap (CREE CO BOE eeRRAEes Beas SSease Gel a SE: — 2S we Leese sess GO0GL UBO800 49 S00 88040 Seen CY Eee eS we eee Peta ‘a % ee 
MPS LATE] (eS 1 eos E000 CCEROOOEEs eases ee Sw BW BW By Bl Ws Ws 10) TO 0 GOON el BOOS. ee 888O.. Bees. 4 eee ee eee bees fm veel 
; G00 G00B0 GUD BOO GS BUU0S8 C0000 BERR eae ier Rw wi SS (eee eese eee SSeS aU (08800808 1888S £€B8 SER ..0: BEERS wee beeee | ee 1D po 
ved : ate “4 O00 og ee Ooe0 00 es8s 2SES Pee ee ees fee ™S SS BD SS ISS Ee SSeS 2 S232 E222 S22 SS BBS iV iN \ NM0Ot0000N8000 18. Cee e) Jee 8eee' 4) 4 RS ee eee eee Ne pee 
Pst ilL Wangs f190TU 10 TARE FRAE ESE 12S a Be SWS 12s eee SS SS DW wo SS SE SE ee ee ih) 0 Q000R 8’ CR 0Gse 80 S0O8CRe”.40 (BERS Ee Dw eee eee ees —t ys see SS 
0889 268 cere ; ; SBORSESER0BLC . 19S 2 Hw WD Too lUOSesS Sa eee eS OD DW ew lee. lit G00800 00000808 (ONS RER’ (a <BR ADS Sw we eee es — "a es = 
(cas creat FREE} CHSUE LECT AGRA SCOTS RSAES Eases Soe BES §SSGS SSO 152 SSeS BS BSS fst BROS DVS www | MMI Tei) ORE eae BEBO REP 440 ASR Bee eS eee eee Sa 
i] LIL Mes Pie veld bow SRE OOS f 1 FU00 OB 0GS 8 ONGC Ee CS AOE 6 Ew ew eee ioe ssSew : SINT aod Me CORO O0e? 4) SERENE eR EOE ol) SE JAGR OE BEES Dw SE Oe 6 a ae 
Ld CATuanaEas (RANGCTONUAOOQU OCOD RSLS 08 88 00 CEES POSE ERM BS ee 2 SS Swe sess sew G8" (UC 08 800.0 80 80R07 8 JU". CSR BE SESS SEM fee ESRe. AD. Z| | Es 
eee (AUD t 0g aL h 9 €a8 F208 Oa CARO ATDO8 OGRE ABUT ER Reese ewe! te Ew BOS ww Sw Lee eee Se ESS See ws we ul Gilloimiee SLGSS0SE0”8) “1 4G RBBB BERS OS BE ewe bess ct _ mp i Sea] Sy 
vig ere O UNtdte) CheCeSeUSE SOUUUEEGCGGGUGGCHOGGGOGGSGREm a CRORE SSS. £2 hb. Be BSH aes eee eas ees é f) Le | SS COGOHE bees OS SS] tee BA - Soe Se at 
flo) {) JOU 000i (EUG bo 13g 00d G00 OAART AOS OS 08 GROEN SS POSES TASES SH SH ISS SS SS SSS SS SD SW DW SE SR SS HS (11 1 LAT TOO 03 1 08 SOR ROO0” DORR E ON. 8 GEseE Oe OS (®~ BSE eRe SS eee ees EBS 1B > 
TW sce UL 2 e000 16 80 COOH CoD Lae OP POCO EERE Bee SE. 4 OT Dw WD 16S SSeS SSS Fw Wess Se Se ew 1) Li 1108 (| DONG, PON gO ee eeO E888 88 sees eee, SRE Ee eee ee AY 2 
STON CG [ee A0OL (000 0GOE8 GOOG GE G00 Fhe OACOCRO CORA BORER Eee (EE oS SW SS ISS SSS SS SS B Ww Se Si Se Se Se Bes oy (11101 10) Sew 00 THOT Add PTaea CO ae ek asa s 4h 08 88 OP cee OP eee IEE PES ee ee | ie 
STL.) (UD GD0 8d O00 FE Fa CONE 9 CSARE BOCAS ANSE 0 G8 BARRE 6 FSCeRSSS: AAS VSB B DW DW [ESE SE SS SH BS WW MW Mi Ve es Hs BS fh 50211 11M ONC DGGE, BAGO AO 8 CON aoe (8 ROY 48 BE ir See ee eee eee seers —, ed bo 1 Re 
6 KU td GROUT (002i BENG TGEO8 FOO88 LOGOS 8 OOT8 888 OOO ER Ee Peake | KH Oe. (LDS VD DD 1 PSS PPR D Bee WS WH Se Se GB £1211 0 100000 Oe C0090 Ma 0 ak" cue eee Oeee IO” 60eEn he. BOERS eRe we ee Pease. —ee aL pea 
yo Tare a a1 a CORONA 1 OO COS AAROOOES G8 AE OROES8 EO AOS! Be OB SS SWS tEE SEE SAFES SW WS Ss we es SS 116) 1600) (CECE TS) PO Oe Ee ee 4b Se ee ee eee eee ree eas = 
oncet parE foil FC £2009 42800 OL OGE EEO ES 088 8 EESe 0 ASSESSES eSB D1) SH BS (SSE SES SE SSS SS BSE WD iil) Wine BRIT! MOOT Oeenes Zeke 88? WF ° COIS ES Be 2 ww eee ae ae> “eB a a? 4 Newme j 
i DIOLECOGOUEE ORE BHQRG AOA, Of BOE e eo See eRe SSS SSS LVDS | Cees eee SOS OSS SS ws BW i 1 OM cans yaaeaaaaas 44000007 J20R ERS. CO0GES? cP 28 Ree eRe ee nen 2 = lé ‘= 3 
11 700 SGRGO0' COUL GEOG” RRGGSE” 4ES00C8 26" OSE ROSS S  Se  Y i z= 
OLS 40 ORER COLA eee aeesen AP. 4aR Ree ee ee. C8 Se Se eee eee eee 2 Te oe EE Se el | 
MR Lead "eR ROe’ cUBOSe” 40 dO OH) Ce SOR. 6 BSW. eee ees a a. 
Get 0006.J00G0” weE eRe 41° see CEB) € DEES BS). CEE D BUS LOR ee eee Se: +4 a = 

















AUC) CUT) 0097 TTD CR CHET eed CARES Cha Oh EEO Cee ete eee tees 2S ee HE RRS SEES ea des SRO EO ee Ee eee es ee 2 a PST Ieee = 

29 SHS BBW Wi UP eee SESS SSESSSS@r.2 2 lil lus vl00 dtu 10000000 One PERO REO ee dees eee Cee SP eee ae = 

OGDED LRET ETS at (STG BIOS 0 LHAE DDIAG AHORA GUT ARSE ee BRE SEO S32 SSE Wet 1808 SSeS SSS SSP ae -_ MOM WIC W001 Ue OMO Od SON ORO RO OOO R RRO eRe LE eee eee ee ae aa aes 
ee eee 00 20 GSE ATRSO ISSA eA ASeER SSEES32 GSS SS SEBS Tes 02e20G2E0252058 See B2S DS 2382 os WMT COU IO C8l 1 BEMEE Obes 10888 BOCES 8 SOE RIO ESO: | EES OS Sw ee eee = a , 

1000 00160 OTHE CETUU RECT CORRs COREE ROSS ees Oats oe: Bees eS“ BSE BD SS 1 SCs e288 S2825 BBB SL — le > cod DB (il) 0000 0000 £400 00000 00 eR OOO BO O8 888 BRO Lee. AOS PES ee eee 


ec ert ett tite Tet tte pt Pt TT et  ? PTI ttt tT TT ot) | | tt | oe r2s*- giai UVAGULGEGGGUGUGG C00 CHGGAGGGGG0G S00 cra Glen Olanarer | {cxGnen on Ot eat GoGo Gon oy conti Gos ml la peat tt le: ay [= 

























































































pm fabs pote dee tH ee pe Gi. SG8SRF IBD —- “BSH BR we etee” 6 kB Wh Be Re ee BD 211001 8 LION aCe OedeoeeEe OU8 08 86 00 ORD SEO SEES SSS OSS eee SS Swi; 2H 
VR UN 09 Road 000E0 ade GOGO EEE O00 OO COR OBR R OSE te ehe dees 1 RSS.) BEBIDAS ee ee fe 01 Le enema HGS eS Oe. & Ww ilaa 
$tR0n tO Td CURES eT ee eee Tt rm OS See bhoeSSeE hes 3628 
re omad MmGrD0ME0 OTR TRAGER) CO SRREARROT 2 18 SEER OPPOSE SSS Se SS Boe ew a ss Se es THA 00000 000.20 OR eed CORR RORORE 88 8 OSES eee eee eee ee ee 
Cee Te meee | tT Tr ii) BGS BeOS Sees 
wnt COGS CTY CUE REE SHOTS ERS PERRO RETO bee AE REE OEE EERE Sew eu oO BE 2 2 ee ee 2 1 11 CO OOCGELUODUECN E808 ESE € ee SOS Sa we 188s 
inn feted OURRU SE AGs GRRE OS 08 Ok OAR ROSEs CORRE es 8s 8S BOOS SS we ee Ke. SORES we es ee ee ee ee i IT G0 00000 0OUOOOHE 1S ee ese eae Besa wes iaese 
CORULSTOT) E200 COS To TTR CASES CER EO KEEN e CRRORE SOG8 8 BAUS SEES AS BR ee ot 2027S A CBO Se ee ee ee ee ee es es 10001821 0 UUGCGGS800 000 008UE OU OSS ee BE Oe ES 2 SS Se seseess 
Re eats ee GARG CG 0ERS8 SOS. UEREE RR Ee Ieee Fw eee ee See ee 2 ee ee ee ee 108200 Sea eel 22] lzesss 
ati eee ese 08600 4008 CCRLBAONTS Rese) DERE IEP Beer 8” oe 6 SE 1S SS 2 Sw ee ee ee ee 0 SSO COG DL m= | DP W's 12s 
{TUT OGM FEES EM OT PORT) CATED ODER LASER ATER AROSE COREE) CURA RUE Ber UB 2S 2 SS 8. ASSO BS ee ee i!) TING 1gu0 10600 BOER Sees AeeOo ROO fee ee OE BESS ws SS SS leew ‘ 
SOFR6 POSSI OC 0N LELSd CUTE DO dae SE BGO TRE CREDA SEOE BO88 88. CEE SEP. Ae 6 36 OD SS Bw. Ce ee es es ee Fd cc OOS @B [tr SS istaeseeaeee 
a le te yp fH aK SER ee 6. SSS OU 2 ee ee ee fe LC tee eS S| we Wess eeeeaS 
caves cae me Peer CRORE 1OG00 SERED ASR RR OASRA AEE Bae 4004's 48) 2 & (SRE BE 6S SSS SS Se Se ee ee ee ee 7 0001 2000 BIE ee == ® © fees seasart 
ULLAOTA ITE? CCT) QUT FENN 108 Cl TURD ERTROE CSRS DOME ORES IS! ee SS BP. _ BOS Se EBS 1S SS Be ee ee a 11 010 00" 2000 ea A ed 0 000 088 COO ROO8 OCR SORE eee ee eee ee ‘ 
ae pd foe ey ob Het GRGRSEEEES. 86 i> SEE 6B 2 SS SS >. 2S WT Eee eS BS Se ee i Sosa DLea25 = fen 
DONT BIG Theda eTTTT (O08 (SECO EE RE 0 PCRRR BORE ARASGEBEREs Re. JERS SS ee ee on. sees we DW Ww ee iiss RASS bee we iseesw 
‘CUE TE109 QRECERCUTI RTA CHAU RO CREREAES CARER SESS 8 ORES OEEeE SE. Cr (ae. Se. “Saw ee 8. 2 See 2 2 ee ee ee a |i) DOCS USO 2 ee Et Ns8en seat B 
OPO CUI ggg0d 09 dee 19009 CEOS ESO SE OS OBOE EESE AHS SSeS so tS SSKS SSE Vw PS 10. = OSS SSS SS SD Be Se BH 18) 100001 1000 110 L000 000 aw Dae 0 Oded dace Ree O88 See eee ee ee ee 
CHUTE D000) OEE Ef POUCA DP RAANST TT POTD AON RIERA ee ee Bee 2S WD Ws ee 28 2 SS ee ee ee ae a | tC IE COTSRONTaARA se BF Oe ee ee ee eo eee. Sa 
(CCST) PFET ORIG PVUNIOREOO SxeuN Gud + COON ESTE ROSES ORES: BROW 0 & eS oe ee Oe i Oe Oe Bs Sw ee i GH LET ON OT & JIS°QeSalOedscEEe80< ESV Se “Saami Resw aS 1 
POET EFT ES ROSEN VOL GERM EEsI Ds > TBR RR ERR AGORA EEL ~ ESSERE OES BS we ee SS ls Ce SS ee Sc DIG inal. selec e 1 Dea eee. Jesse 
WTUHEETT HITE 09200 100m Cg Oo deka (URE OSES 008 980 BONE a8 eee 2s wee SS Ss 38 BES8 BS SE5 BWW Sy he Se es ww i Mm iw (000000000 mage o SUL LOSLs LSE BE 2a Mh apa 
oo 5700 001A LUO00 0600 1 EEO E BEES BODO SHE US DRS SES eee OSS BH | [92 08F SSeS BF SB ws Swe ew 100011 000 0G aeanodomaMGueN Lowel 2am Obeses 
lp snedad be O iad 100 0e Sed BE Td GO EO OBE 08 888 Be ORE ARES OOOO see eS 3 eee ee eS ee Se 01 OSS O © 3 PS ose 
OUN0C EDIT) FEO MLERE CBT ORR EM Age ROSES d CRO ReShs C8 CON SOUR ERE BES BS ee i eee Of oo. 18 SOS Se ee es 111181 0 Dea. wa De Jeoee 
seen: trteed COODEIT FTTE GORE TERROR ONES 0 CBSA AE OE OE Pee Pee Swe) hss [eee Ee Eee Sees w Sw OOS@Ss Of ™@* 2 DB sese8R Sa 
ee (UCU OTT DT 00 Es GEE CONE SAREE REE OOOE88 0088 8 8NE FR Eee EOS BE eee ke. ee } eee eee eee Dw SS ee es) DOc0 UOGC0 Ue OU0ESl £ nord SOS eS OSD Se Ew ee eee 
(00! A120 ¢ 109 OOD agg Od 1AN GES dd dd 90) ORO OO OES OSaOOUNs 29 BOSSES OSE} SIS 2S Ve 6 TSS BE BSB SS oS WH Se ee a es 00111 1010} 0 OOo eMeaeneoee DOB a fae ftwreseea® 
Ne ee ee ee ee Se een Tt | rk | | | | | foo) | |_| (oe OSS eS ST 2.22 
Beppe aerate tet ed SOR SS SW ee eae eee 6. 6's BE 10S BR ee Es SE, ce Wt ee: 201 8 030) 0d BL Oe cM 8 a RF OWS 08 SEBO EEK U BS. 28 oe ee ee a ae eee 
(oees 1esei 20004 CHOCR CREO CODE LEG LE OEE ORS BARS SE O8EO8 8 OEE Be Ee 2 a ee Se SD SEE ESS SS Se ee a In G04 10,010.02 18) BESESES)” BEN16e 5. 0 Ree ee ee eee ee eee eee ee 
(0G 06Gs LODSUE TEST CS TBE REGEN EEEE E UOOOE COCR ROO 8k OEE 88 SSSR 6 8 8 2 ee eS 2 EE 9 + (ORO SS? 10S HU 8 et A 28. OF dl 8 1886 8851s “GR eeee8 OPH 46 ee a ee ee ee eee 
NOEs BADE TU Hd COW 96 100 8 Se CORRE OOOO 8808008 88s 2 Oe TSS SSeS Lec Bee Ree PSS SSS & MSs Ss ws Bw |! 110) Wid WAC da Law Og eee eOO NGOS £ Sele Dees OSes we eee 
(og Farha LOCOU ONES £9297 10 bre 0008 COs 001 RR ROR8 888 8 88 28 OSS BOSS OSS SS SS Se SS we Ss SE 0) Be Sh a a a ee as a 1 00 101 0000.00 00 de OR Eeeee DORBADEOSDEeeeeeuehe SE" SeGe OS ea SobS* =] ™ lel Ieee Eee ese 
C8) 0000800 Cal aS) Ad 00 100d 600 BROS 88888 OE 88s 8 Be See SS BS BS BR SS SF 69 8 eS SSH Ve le ee ae ey a i 5 A ao CTIeGKICeaOON UUDORO000 Se 00 880 CRETE BS eee eee Aww Ss SSS we ws bees sess SSS 
(119) 8G 100 D000 E IDE OONEE OE8 Og RA 8 ge geOe8 D888 8 REE Ee PERSE FO SES SS BS SS 1S SF SSS OS BS Ss Se ce ey 16) 00 10 a i qeecdoens onaea W-UU0U DOO G8 88 B00 BED ee OSES SEE Sew ae SS  As eee swe e SSE 
TUGTH E5200 10000 ¢ M08 LEGON CHEE E CRERS RAEOE CARs COREE aS eases eee 28B0 GSO 4 SESS 1052 FE 8 OSA SS eee Dy Bo Se Se 648 0 pnoocoooan Hp ee Hg ie ee 
Ate OUST DUOC LOE EG CUCUL CRORE DEORE GEOG) 00 Oe oo 8 Oo Oe 8 oie oe ee ae oe oe ee ee ee ee er rrr CT 2 EE AB POCO eS aA eee Bw em i 
SSO eee aay tee LO CLLLELELOCLLELLELEL LLC CR et ODL eet OO PSS eS - a 2 Ie See ee oes eee a 





— ~— oro = — -_-—- Ss 





a 


=o 


t 
‘ 




























































































a AS Ne 21a! VTL Pw la a a a | 
SEES EEE OE ee i er oo ee Ea i 
= Pesy Jae f,5+41-4++4--4+4+4+ 4-4 HS — Om F710 VATU LUAU EL USEAEED FE BBERREOE STROSS LS ee a 3 
HOA ee EEF ITI OOo EE HE EET ETE Ee EH 
RE EEE EE EEE ET ee ee eee ete tte otto ee 7 
me oe cle ee ees es ase a os Oc oO OO a lO mm dy 0 uw UNG" COMGRUME UG 100 UEC OUCO Co em Ose GSO Gc fe Gp nc OO Ol Bislalsaatopaia| a2. | 
eee eee ele oe coe om oo tt ll St ee S00 Fev TUMME HO |” PUBCON tC lt a tet =" ae his 
a ae ae See ae ae Se ae a a Gee Gans ODO GN Gn Gul OGD GOED GOD Eon GO GOD OOO GE SOLON POAT FTOTINITIOVOOAC Q4ATOOEGUUTEBGRGSOREORSURURamenme PCE ee ete ——i— 
eee elma cisco cla a oo CoG a Gm ec GGG Gs Goes Gm 6) lt a a tl tO teem oe CLP EUAUGE >" BUORE DC LOO ee ey ae Eooeree em amos os oss GC Gm Gn GCs Se Ca Se es : 
ee be be a Ee EH a pit DDD000 F080 710008 CHE OE CREE BE OO SOS ee | oe ee —— 
EEE EE EEE EEE EET EEE EEE EEE Ee TT ooas m= 3 hn aes: 
Ree ee ee HI GI EEE EEE OT A att] Sao = che 
EHF EEE EEE HF HH ai 
atte Gat et ft He ee Soe One (HUALQ4UG00K0TO00004 C000EKEREOGUQEEROGOGGGGEE GGGGm Sten Gncuoncl ccs lGGn Gn GGRGn Gn 0 Gs Go Gul Goo Gn Gun Gummy Ao Conn’ Os ims Aerie 
A A GO NN) OT 1 rept pL th fp ft pd ae me are 
TOG DOS CSE e 5S COS oe eS a a OB 193000 SOUS E SSS S TSE OS oe ee) i ey ee _ : 
SEH FE-PE EE HH AIAN Ato ane 
eo elec se ess 0 a tp om GGG GC Gt Ot OC Ga SSG GC GUN E0100 001 COOH OC QUSGNGOUU OG GGG HE GO OOGGQ06 6 G666m Ween OFGn nH Gnln.co om os GO Gd Bn Oa oom Cl Comm? Car a=) aoe8 one LF 
CA HH SH EE EH HIE SIS Tce ee A HH) Ce == 
BCE eee ed 
15070 GeoReoe it - 
Bilge @Oe 02005 G0 SSSR OOS Se Se 2 eee ee eS Se it = 
G00 05000 €8C OS BEN oe ao bees se eee oe See oe a4 +. = 
ECE Ee LCCC. aoe sete eles) GER ae Ae eC 3 esau AaeenRn ee 
AEF NN Sw yi 
10 0009002 COO oS eS oS Se Aqneneene een 
0-406 09 LI) lS et NP OT A Esta : oeeeeeeooe 
ee eee a oc tC cm lee lt at nC Gots Ge a se ao so ee 
2" Sogo we oem Nt PT 10 HUSEGHE ESCHER E CSRS SESE SS a) Se YA ee 
1900 050500088 85 OSES 88 Se US 2 tt =o 
5G GO SC OSES 5 Oe Se ee Se ou aa wb = 
BECCA EEE EEE a PERE eee 
La 
gives cesasaztgd SSeS = Ese ssi ee es eres os SSeS See Se ee ee ae ee tae titietnreocas Bev Gvoswes SUUEDEESr 40'¢y 4’ mares Ans eaceceeeEooaee pee 
4 CGROSReRee TTS a eV i | otaal 
+ RR EEE EEE EE EEE EE EEE Ee oT At oto HH 
oa fT EE Mee EE Ee ce ee eee ee eC to ica Tee me oT Ete tt tt , 
ce eee a te pa ff EH EHH HUTT EUNUUUE SESE EKER ERS Sy ee aE a a 
EHEC EEE ETE EEE EEE EEE TT EE A A SH = 
HEH FE FE EHF HF HF HE HS EA 7 SH 
SUED C CUD SSC SS SS se eS OS Se HI0008 CUEUERSEES CRESS SESE SENAY ee aoe ee A eS 
ry So Se TELL UN LEUET LSE LAOUMU TLD OECCO ROEM RSS? oe ee a i eo 
- ageesecs ge se 2S ae eee oe ae SS ee ae a se me THT RECLLEGIT HKALOBE ME LOEGERSSRRSUSERGUR ORES © 20) eee oo Zoo oc cceS cee ee ee 
ttt ; TT EEE EEE EEE EEE pt tO 8 
Coto TT Eo ay POM Ga ele eno NN a we cs 2 a 
S080 [08 SESE EG Se ouoe a a Oa a a a a ee a TET TRS Be a 
SS a a ee eH TE LTE LOE EE Pe 2 a eee 
at tt smameminininial< tial I-f-|_1_|_l|_ti iti tt ttt tilt et ite ee 5 SQSSSRS8804).0) S002 2S0 eS See ee eS ee Se ae 
SC a a ee ae eer ce Ta TED LOTT POOUU SU SBORRS PE ORR O Sy oy 6s 
COS SS ee LTTE TE HEST LENA SECEDE OUSORSR! 629 2007 OS ee ee ee ol eee 
a a a a a a a AT HELGE TERE EO 2 oe ee SS = 
a Se a a ee rea TNE LEHRER TREY FO ey Se ee 
cenetetaelaasieieeiataletatel_ | li-1 | ml tt EL Lt _l__ tae pp HH 
HUT LIA TT OI TOT OO LTT 
EEE EEE EE EEE RE EEE AE EE EE He HJ FH A EER 
Manel eset itt 1 1.) ml 1 1 1 titi t ttt iit Ce iH g SEC COOSRGOSS Se 6.) Seer. SESS 2S SSS Se, Sa 
J0000 00 00000868 588 68S 2S SS Sa ee 2 WG TUNIOLSORSCSESESEES Ee, "ERE eee oe od oe oe Cee es oo oo oo 
a a a ee a TTL EGELESLOG SESE EROS CS07 200 SOS S72 See Se ee ee 
SSS 5a SS Sa ee se ss a Ta OSE oe TSUN OT GURU OOO S008) (26007 4000082 60 eS ee Se es 
Sa a a a ae ee 0a MEU RS SY CS ee 
Om a a ae SA UAT LEY A 2s Oe ee 
B58 SES FS SSS SS ee ee a a Se a oe ETT LEE SRE / OY SS ee ees sees eSS eee 2 
EEE EEE EE EEE EER ATF SE FS ee A 
eee eH iH Ei men eh Len eral ie ot el at 1 it tt tt tT LEC 1 eoeCOSC 
SONG 6 ee 0 8 ee ETT TTT enced (> «a7 URS ESSES (DOG SB a Se Se Se ee —— 
2 a a a a eH TTT TEES NO 28D 7787 A a ee = 
ce eS a See hc renner enn HN ESE GU of OY A 2 es ee ee ee ee eo 
Be EEE ea Ee eben ee Ae eee 
0 8 a a ss, USOT PONTE CATLUDESONGE” CURE? GURUS 40S aS SE SESS SSS ge 2 98000 Sy resaee Ee 
eS SSSR SS Se es OE a a a es a en HH ETT EVEAET LACS 7RSP gL UE” ZTE CUETO oe (jG. SSS SSBCCSE88 0 8) se SScer es 
eae ae a EEE EER ee eS os 
ocese S550 65 SSS SSeS SSS es See oe ee eS dee ec a me VILA HTT HIS -c0 i807 O0GEP «nn @UURRL GS ZOe S840 (GSC 000 mae eee Ses ae Ba 
to Eco 95am gee et ll 8 ee ee Fe ET ON a SS A ee ee Oe eS ee ee 
Se ss a Oe a ss a SH TTL Y FTA LAG £09”, 8D 9-0 OO 2 GEE SEO OE 2k Ce Ss me 
NU TUNTU LER? GUE ED? -o FOREN” oN DOORN SUNN OS 6 OS ee aa 
te tH tee He ee os cs os eo OS oo FUSCA Mamet eer eet oe ttt ett 
Bete cise Ly Sw a a HHT ALIS -a FS jcddeane > -¢Gnnen/ 0000 O2OS008 SS8 No 0 es Se Se eee = 
590 [0000 GSE0C 05 Oe ems Se es El] A a wa ghia <o0hi iO of SUNBEDS -a0GRNUS> MOSER EOE 33 SESS S@8 G6 @ 0005505s se saeSn 
Siatstsinietate =| otatettel 6 Tt ta a ee a ht el Toad GEOG NSS SS SN ee eee eee i 
HOL0 100 (00 0S O80 Swe ae a ss ce oS oS Os SSS am 0c osseceeo ee =e 
HUG00 00 00E SGOa0 See rT FerTUEY! @UROEEO UA OY (20000 SRS S SOS OS a ee ee oe 
Gente leet Ct et tot A SS a a a on Eo TE VOT EY? 2c a Va SaaS oes = 
EGd0 00505 PCOCO Cee EEN SSS ee aoe see eee = 
ao a ee a OT OOOO OOOO 
He eee EEE + HF a er j_ Gan UOS ECG SES SSS SS ae Oe ee ae 
SS a ae ae Oe at ane i icv TTT OUT voces SASS EMSS mm Sh a 
BEE EE eee GUKOOGG COGGGG0 G00 GqGGG Qe Wen < ar ee ox once om nee Scene Gon Gas ce coms comm OGG cnc cot cn el cs oe cote el 
+7 t+ ttt +H Tal en “aim q =. Me feelers Ue 
eet ¢ eiael le tt a a PRUOTAITINED ATTN TL eee eek et eo tt = 
ale a a a as en LST VSMMDDOUDE COO 00 GOED OOOO O0 lee Be ee ee eS ee ee 
ScSgesceseeeee Soe oo oe ee ee a a Te ACHE UIUAT LOEEOE CURE EREE ES a a eee oe 
SEE CE ee TET eT tC CEE PEE EEE EEE ee 
SC eee aeo ar, ed om SOUESSSS00 oa 
QUd0 CecOoCeeh oe See a eT err tt lt err ITC ELC OTL OL COTO TO ma 
de errr err te EOD OTOL DODO TOLLE LOOT 
BEE Ce Eee ero S58 5 Se aa Sa Se eH LTHETHTENTT HEE SPEASHOTORESSSSERESEERESEC~20n SSS Oe oo See ere = a we oe 
Se ee ee ee SS Se ee ae re eee EAT EN EATERS Se ee eee Bee ao os a 
a a ee a ck a a A HA TV TNT NOG NTN OOO 0 es a Gs Gs sO Oa eS ce = 
Ce ee LC 5 a a a a a a ae a TT TATE ERE EE se ee ee re 
a er EOE EE HH {H| M™'"™“t€_au uo+-2 
s RUTEE VUES ESE EEG OER oe 5 ee ee ren HATE HO es ee = 
Sere tiat ons taSOe oe uw i > meres ex es Case Seca SSeS ae as os ofan int ateRtTatT toatavanat eases SEES SSS Sea PeeTEEeE Ee CEEESE 
Poco Sian PEE EEE EEE = 
BUSGGRGRESEED" 7 6G) ane SS Se SS et cor MMDBOICCI E980) O60 See eS SO Sa eS ee SoseS eS SS 
eaUUn PERSSERERS 277 /e7 om Se ee Ce i rane See Ue ceEES TEE USSS SS SESS SSS Se SS oe ee ee ee ee ee 
PERE aa ot EE ECE HE CECE EEE ECE EE He cam a 
COC AA 
+ CS a a a eT aaa oh aad atedeted (abel a beefs) tebe oladet beds leet |) — ole) folate eee ae et 
dues seatesesas geesngee Se SSS ae aa areseese Sess SSS ee uate iseiisstrtossterseeeeaes sasaS SaaS saa a estas SsSese Saar 
Th CEGERCED LD” {owes pot te FH ee Wt8 i 6cgPe TD eID Iby ond QUeedOgOUODUbOe, 6 eee eae ee et eine Bee cE See Yow = 
eroth Pee ep SN eS SLES A SET PONE PEEEOOEON CRORE ew es oe a ea OO © NO Oe OO ee ae So 
Ue 0S a Sek a eS a a ns NSC OS 2 aoc 
EEE EAR ES ES re = 
ee et eee et tot tt he es 6 HTL ee es ee eee lo 
eens SS ee ee ee a ae ae TE es ee ee ee ee =e 
SERS ae ere a a a a a | os ks THT HIE TEUAL HO Hat MSE es ee ee ig | 
EEE eS ese eS ase www OO ot Ae EEG Se ae oa son a 
ett aelente loot Tt o_o ee et 000000000 DGG C0 CROs eS eo ae eo Ce 
EEE ELLE EE ht BE at tt ht ee ee ot et | at i a le et taal 
OEE EEE EES ees re a es 
eS SS eae Se ee ee a NS i WL Se ss” OS a 
CCP OT ee Te le RN ee OO A ot tot ot oT te 
SEE ECE EE EEE EHS re a et eS YS eT ite cl i et ic or i 
a a a a a a ee a a TSAO DOOUT ONES TQMED OEE LOOHE DUREREGEGO COQGUGOGHOORE RGR eS ee 
CCESCEEEESEEEEEEEEE EEE EE SR RE 
Cee ee A Ss a A 0TH ANT CS Oe TO 0 a a Gs OG OG am 
a a al teal olden ae ae un rer mn ~<a 





PORT TT 7 Eat Ser 


t cusnmioning 
bound 


e 


ra 


L 


+ 


ec 


a 
* 


i 


and significant mass ratios with per 
1] 


Shock Transmissibility for linear undampe 


Page. 





7 — ape <ny 


— : 
- if : 

= 
BUGES ES aah GHG hss eS St . 








7 Ser (i 2 i eos oe ELS BSCS Se i ee BL AWN ET | CTS CADRE MES CEEEE ARE RODE FOES PERE RES SS see Se’ BEDOASE. 122° sew Bw 
Ao JJScSee. 26 one anes Sn Seat no os et DSS S2Ss LSS ESL BS See Be Be A 0 0S DN POO PERE GEES POR TOR POSS DEEDS BOSD ew DDD SES Jee AS AMT .J a 
DEOCOS CF DEUS BS PSS BS SS Meese 0 a CESS BOW SS Wes Be Lae (HJUMIG80coW BO 008) CARE SOO 8E CERES SOS SS OUESS SER EE SeSSSS BW eEh0? GEES SSeS iby, It. 
























































ai] r 
a 
Bae ro @) 
BS OSS SMD SSS SARS BSS Ss Os BT CLM TET 0 0 P0000 10 008 Oh ORee Ee COE eR DO BEBE See Bee eo eS SS -UeSSSSS AED 31S. See eee 
A oa. oo _——o a Es CSP PRG Pew SS BS wi WD BS Hs 02L EI NOD MORO 00 OR Od DO ODOeO SBR EEE eo AEE POOL CRAB PES wee Vas aL Se So Ao i oo 
DEDASE CSE ED SSeS SSS SS BSS FSsse SS SSS SSR QL \ Di BS Ds BS (61 11100000 0001) DATO OO MOOG e OOGC OS Obs FARRER OSS PES Se SeOSSE SSS F ‘(Meee 48S 4D! LS 62a te ee 
JTEORRS SUS SER SFE BERS BSS DB DB GER SSS SS SSB SSDS DW Wy MW Sy (i711 11) 10D OLA aa 0 0B ONO AO Oddaaeeeed OD EDOAROE BSS SU URS SESS Ff Se Sl 4S BE8L/ 108800 . SO OVE ew we ee 
| » IBCORS SOS DEES ewe ees a Sw HS CESS OSS BS PSD HD S| Bi Dy Hy Ws 11 101111 (OV) POT DON 00 OA Ad RMAC OOOO OOO ESE FOOT REO See ewes ess, ae seer, ena’ .ar_. PSO es fre a a fe | 
; OOUO0 CUSSED TSE RRS SSS8 BD SS SS CREA GER SHA BSSOABw BW DW Dy BW (11100001110) MO ON aoo” OO OO00 a0 080 Gedases ORS OD OOSO CORSA EAR EER OSH a..- Be ea0G).4eee Ap -./ Bee htnaaeaw 
er SUE DESDE BE SE eS eS SS Si CPA THOS SS BD DW HS lS My DW We Bw 101500 11M 00 00000 daa sele—. LABOR e bees e8ee sd SEDER ERO PORDaS GGG HS? WEB 408 B/ iars ADE ahr ae) 
GS GE SUG ES BEDE SO SSS SWS Sf 18 SE BS BS SSO WWW BS SW WB BT 110181 0 000d MAT aes al** GAAS OOO OBOE eRe DORE DOSE SHRED ER ERAS See Ss Ses Nese PAA P+ a 
BECUST TSS eee Pw MO. SEE8? Sra 45S eas ae 
wae |e | lob tol lolol Guy. 4B SP’ ir *.?. Ow ee ee ee ee \ 
Beh °° BBEBB BR Eee — BW DS'. 4.00 SP a). . ZR REE we ee 
aE SBE. BD Bip Cabana. 2! Eee wwe Ee eee 
BBO) ABBE 4RREERD 4 4). ODES eee ee 
rT a | a |e 9 | | en al | ete) FT psf 
.C1S0 05 Been eee elif afififalafapayeteharm (aja gat a[apaqaya|jalm|e |_| _leyn)eljm lie fe l(a) lol ela: No (nl lars | (lo | io [|_| al 
. FI BOSSE REE TU Sees COND GOFF) (DONE ODD00 DT ECT OT G2 FIO DOOD DEERE SER EE LER OR BOSS SOPRA eee HAS) 4S OSL: DDB Ee eee 
, UTTER R OTR Seas (UCR C021 CDITH ODT OOS ESTO 7 OOOBI0OSEE AAPROEEEEE CEE BOD OS CUED Pee eee. Swe EeWD 2 Se Gee” 41 4 Eee eS Se ee 
ee | SRB eeB NB10U0CO RE OCESSETt CED BESS OSES BORE Se SW’ ASS B/S SH OS. 1b’ CES Eee Eee ee eee 
rr oee. ry | a | if | a ee ele |S tf eee 
pay : eee SS 
. BOSSES OeL ae eeee ss Ss 
? BO@G0 ge 75a cim = O42; dee ROR RRB ee EH ee 
GEC OSS SEBEE BER | FIA eet ia ft ey fe ES 
OBOSSS DBR U eB Bae 4am A a efefe (eee ee ees _ ee} 
TSSSHO pw See x aan? @ 9 ag | Nf Ya re | ee Bl 
BLEU DUO E DOSES ESD OS MD OS BS CSOD BES 0. WW BE oe a Be Be [TOON DN MOLE LIN OD NORGE RR OR DOOR E CORO eee CPPS SERPS 24S OP. Am EL Ol See Eee ewe eee 
- S0O8DGS0 OS 00E SESe2 S22 SESS SS SS Se PES SSSR 0 |) WK ee ee |. 10001 0000000000 DOOD BORE NOOOORO Oe OEE CDE BORO! OEP See ASD S51) 4’. ALE Bene ae eee wee 
E TRS 80 OSS US Dee SS eee eS www Ss POSER SSS BS DH of BW a e000 001 TPL DAO ORO ed OUR Oe TOE SEEs CSRS CESS AEs we! DE -. 2D Bee Ee Ee eee we eee 
OLOSGGS0 Def SSR ES SE Bee Bw Bw Ss ES SS BS DB BD DB DW By WE By WW 1110111100000 000 WAG R AWA AIO DOOd WROD ORORELE FERRE BSR 4B EEO ISS. ee) 4) Cee eee eee eee eee 
ia) ex) esa AY ea a eee | fee ea eae ie ae eee ee! Ton) | ileal nines | | oe | coe (ol ioe Tol | | . wot | [an | | |.) |_|. oo 4 
BUEGO CURR SS SESE SESS wR 8075 SEE SSS SW ww Wa BW DW DW KF.) 100000 (UCT OO PO AO STOO Ceoce aE PR Eee SRE R Be. 4p. Seo. 2." ana E Be Ee eee ees eee 
gp ga) cg af es a a a a a ale aa TR epee anna eT fa eee Pee eee Leela alaP he | eden ee Of | | | plo, | pole) lo | | oe |. | fo) a 
OTISR OSE NG SRS SSS SSS SELES SR CB SwS 5 Cay Wl Bl Wl wy [011100 1000001990 DOAN MAHA OAM OD HOGHA OOORREEEEE TERRE BORDERED See 4se Ewe ASE 2 2S EERE eee ee ee 
* (BL SSE FOUN PERSE SOS ES DB WS FST SRS BBL | 1 A wy ww 1101001) LNT Daan no Odean booed AAO E OE ee Ce Oe BOBS BSR. See” See eS 2)” EEE eee eee ee See ee 
GPE BS GOS ESS SESE BOSS SS SS BSS & PSE SSE SSF BB WD Dw BW By MSs | 111114011000 NTH NAO ada eu MAaes0aeod DaSeE FE ERC CEREAL AES DER 4eP" 2e” “Rw BASES BRE See Se ee 
DCE SS SERS PRR ES SSS Be BS B® CSS SOO BS DW Be BS BE POI UNM 000 0oS nO NMR Oo OOO SOOO i OREO ERE CEE BRE 22D eee Ua BE bE eee ee eee Sew eee 
fm es | a Ye a ee ee See Sear yee ge ee OMe eile iat) ele) Mein a oT a bo) | iajol [oy , pu | | | an |. | a a 
IGVCUOO CORBET EEL Eee SS DW Si PSS Ee? 6 Ge ™.. a ws we 1 100 00 oe 100 )HO0000 fon 1000 DODO OeeE Bee ee CED BOSSE’ SOD 4h oe Ee ww bee ee as eee eee 
O8SG0000 DUE BRS EE E25 BSS OES BS Bi CASE SSD. | WwW hw tS WS BB BH NE A141 RMN 10000 F100 00900 HON OONN ON OOR GORE Re CE OE DEO. BOD. BES «Ae Ue Ee MM OSES eee eS eee eS le ' 
GCOOGC OBS REE EERE ESSE we Bw RH Sf CSS SS BS —_ WS DB DW DB BE WH Hs [4111 1912) 0000 0201 TI OAD OA AAA iaBeaoo G00 EREEECERBESBE”. 208F". Sb um * ~~ BEE BE Hl £68 BER EE Bee Sw Ss ese ee 
JOOSHEC OSS UR SOE BE Bw OS BS DS WSs OS OSE SSD SD DW A* Wl BE BE Vi MATL PAOD 1d eO0 OOSC TODO DGGE UE CER COREE e.J080. IPA °° 240 ee we ee ee eee eee See eee 7Y F 
BDOGR ONSERE SSS BE Bee SBS DB BS Bi FOE SRS DE BP DD DW S BW Wey By Bs 111111008 1010000000 1000000 sao GaasdOeh OAR e Oe eRe COR DEe”.eeeO”.0LOP2a”” (APE Sw HE eee se eee eee See ee 
99 JBOOO0 CEOS E SB SSS SSS BS DS DB SS £08 SE SRR DS WWD DW Wo Wo Hey Hy MD L110 LBM ne iD 010010000 Oe sO AH Oeee AGee eee ess CORDS lRS8 Wer 24 7. BORO eee es Ef E> OSes See eee ese eS eS Sz 
\s JOOR OC OG RSE BCE EE BS SSSS DB BB DS CESEE SSE SB SH S BW D wo Wi Wey Wy Wy 110014 £0100 00000 NO 008 oo aa a OOee OSE OR EERE BBD .ZOeM." JERE Oe eee BE Pes eee ee eee ee 
fem a el ee Pelle ae LT TT TT rer ore Tt | || | [| | | | | {| yf frTi{{/;frrfyistsiterserfttfttftthftffit}fFftftst 
OLSSESE DER RS Be REEw Ss ee Ee SESS 9 SHR SS BH Sw B Sy Wi Wy By BH (Nl 10001 10000 00001 000 WO aas IRA HCO ReGRO RARE Jew J eee eee eee ww we See Ps eee eee eee eS ee 
IBOSBSGE HSE BRS RE BeBe ew @ £8 SBE 2S SS SSK DW Wo Ws Ws BS NNN 0010 0am deem Hee ed ad th cua TT ET En Bo Swee BE Ee eel ee eaves See aweaea Ba ale a) 
TS OBST SE SSeS Be Sees eae G2 8 BS SF SHB MH WS Hj Wh Se Se Wi We Sy 111100 10 14000000 009000 eo Ce CO eee OOO EOEReP ADaRY AD”. CERES eee ES we See Ss 5 es eee ewe Cale a 
OBO G0 OGRE BOSE See ea DG £0 88 CREF SS BS WW DS M4 Wy Sy BH 1111101 10000900000 00001 2 aH aoe eek ea eeRes” Ane Uo so WE BOO Bee eee ewe 2S ee PS eee ee See See 
IEOS OS ee CHEERS Ss ee GSS CSS SSS SS SH WH Sl SS Le Le Sey Ws We Se a £4) 011) OETA 00 Da Taal eaa daa seeReee: Ps". YL Bee ee ew eS ee 6s eee eee eee eee Vv) 
GOSS FERC U EU BSS ER Ee See i iS BS OSS SS SB SH DS Sa Sl Se ee ee 0041 Onan neaan NO0G0I0SJ209RGORoudeooer we. . Jj SRED TORS RBS EE FSF OSE WH CSS SS eee Ses ee SS 
BOSGOUBOUUU DES SEER EE SRW EE Bee eee ee eee Cee ee TT rrr LS SS we DE EE Oe Oe ee SESS ewes ss aa 
GNSESU OSBDORD EES EE Eee wa 5 es | ae CCE | [ea eee ae eae A Ea 
TIDSEGS CEE DRBEREewee OD RD 2 ssa eee ESSA! SS ee Ee 
ee noon || al | lap. epapa—: fh olecls | poo). ono | oat ey i) 
IBOSED OSB BE SB EEREE EB SD tee Sees eee eae Eee (ae oe) 
OBOE DES2EE BB ee es eee lesa aoe ee a ia 5 
DOSS OBESE SB cm fen fet a fen i ft a fo | ae ce ee [a ee i fisats) 
RHE Tee USED Pot TT PT TT a a Sa 
IESGSS0 oe eeaEes 5 PORE PERE BF BSS DW Bs wy WS wn 
U RGSESE See EB ee ee a ee ee ele | eee aie oy Al 
IDES SSR Bee ol Gf CRUD BERS Eee eae Se na 
EDS Se eeeaeveB GG SESS BSS ee ee ee ee 0 
TTT TTT TTT tT Te 1 tT Trt tT ttt ttt dT TT ee Lee eee TT 
CBG BGS GSBEBR EB 8 SE © SS OS a eo cS OS 
GBebel secu GE SEE ESS ee Pr ee 
7EBGS" 2B ot TTT a eae 
iJ DGRWEB SSBB et ee eee _ 
-"8 GS BS EGEE SEB pet TS ee ee | 
CESSES RS SE REE EE BSS Se we Cee Eee! 2.06" awl ee 
bettie eee ae ee | —, 
SERSS SSG SB SE OEE Be OE ee Re eee 4A. ee AY Ame ee 
GSSG08 SESEE SSS Bl es oe ee ee 2 eee ee A. me’. 2 ee 
SESEGS RES SE SES BS We ee ee ee ee eee 4a... 2 4A. eee ee ee 
' {IE BORO CEOSDE EERE SSB Ew PSSA’ «we 2A. 2. Bee ee 
SS SOC8k SOS EE BE EEE BM ee eee’ 4682. 6 ee ee ee ee 
BOBSD SUR B UBER ER ERE www FES 6&1 Uw. ame eee 
DOSSE SHESGESE E88 BESS M8) Bin we .. 7 Une 
SE BEB BE SO SU RB BEES EE Sw we ee ee 8 ee BAe eee |! ee ee 10100 
+--+ 4 — +b an ee fp ee Ce ee ee tlt tl et TOARKdOe BOCSR ER EEE EB EE SOB SS OLS OF SSE Be SS ee Ww es le SOS oe So See S 
cry raw SD Ga a WL 0 ee ol 39 of go OR DU Oo Od beeen cegeeee0r[ LEDER EDS 2829 PUSS HBSS SS Ss ws 2 OS eee eS eS ewe 
SSS C82 OEE SF BSS Me OS ee ee ee. (SS RSS BS 0 Ve ee ee ee es  ’. oO0 (#0 1008) we ORR REC OS a. CECRES 12. SER EeA.~ “38 SESE “eee eee ee 
SR B88 SES S08 BSW We lee ee ee 2 2 ee es 2 a ns 02 1 '* «0 Td oO COLAC OR EOOOe. * SEE, oF RE EeER, EqLeORE REESE DS eee 
JEBDESS GER EU DEBE ESS RES SSE «. “COE BS SRE = VSS BS SW ET loo ° 
EDEGSRS GS 005 SE EE BSS BES MMS PES BS SOS — BW Da ee hig 1018 | OTT nM Ad aneAneeea 
GRRCED SERBS SESE BSS OES Dw DS 2 CSS SSeS BS PSS OS PI GB Mis i, (C0000 00901 LAAN 08 Coed ORG one O ROekee Os eee Dew 
CLT Tee a eee Sn Lc Le LLL LL 
+ DUB ES CE SUU EERE ESS SS SS ws we OPE eee ST ie ea 
EBDEUS RESET DES SEES Saf 2S SSH Os ICeeae ee AS Se SASS = 
"GD 5EG SBS 8E DEER ERE ESS ESS WE Oe Cee Ae DS Bo Oo Seo elo cS. se 
" BSCR ER SE SER DEE EE BBS ww Ses BORE Ee Eee eee s*) Beers 
OG EDS SSEE ER BEEBE ERE Eee ES ws ©} eS COE PERE Be Ali sok Ia 
DSESE SS SORE BERS BeOS eS DSH OCD OPS wo Oeae aes VE 
ae e eisiate] (a eee _ (eae ee) ae eee eee oe eee 
CEESS BS SES See EES ee SS Ee CCC ee eee eee Owe ee Oe 
Pe a ee ak a a am Pee ca ae 9 a Os | | | 
IESG SEER RUE RE ORO BSS SH Coes P aes ewe Te SHS Bla 
JODSEE EEE EP EPS eee eS = SS SCS S I aes SL 
(GBBGE8 LER BS bd SUR ESSE AS SS SSP See eee oe oSeE Sac ' 
Sk al a a a A a Dl a FT a a ls TT | I ee ad 
ee enn ais ae i a = —=T . r EE SE PS lier erred — — A 





smioning 


Analog values are shown. 


12 


Shock Transmissibility for linear damped cu 


with perfect rebound. 


Eig. %. 





Itc a Ia cs am Sous A ergo | v6 ‘Aa eas is a a ee ee eT oe ome as emus ivi bos ed bees ob Dh S el ae etiam ait il enka a as eH 
1 aur 5 3m eT 8 i eee fe a EP 4 ee TTR TPG TEA COT POE Ee EE AOE OE ee Se es a We We 
JCI Sa , E ‘ SERRE REHM MW Eis PRS Sewell eaeaeae ae k wi 

4 f=) ie 7 p | 


ae 
1 








+ t Soo setae Ge os et 2S Ss eT pe pe Pe Hn Bim it hee 





a ear oa ew a De OE ew SS SS a a a a 7) Ma EET PEL OH Degen] fee FY a | cf | i | ay | nme) een ne) QL | eet et nae pa 

















5 na | a eS | Np SN NN PNT 0 fa gi CGO peta | pine lp ee ese ie sae fastaneett Crgeiote aout Aan Baa ee eee Line | SoS See a A ST } 


Parsi SEE EEE EE RE ee poeta eee Seesee SS a 





















Pid 
a 














Beh flee Leabha1 SRB. mE "4 ~~) MOI GESY {UL RAPe OT LCAE SRE AD SOURS ASE PRS 
ise oe a tf oe | Sab eb tay po eS tp ett tnt ‘ rahi UTIs IROGEAG ORB ACU Ce ESR Es PENS ee SDR eaBasew 
BSleeB BSeaaeas B= BiIz > HLgSIIGISGUGAHD D IDS RERNS CEE DOPED POR ee aSsaSeww 


iii 1 a fh {ea Ae ye Gt va nO 08g A fe] fF | nS) 


ree tigy Pt 


- t l 
a SGrtengid tte DURE BSS ml i tM ES SESS SOS See SSW! 1h DROVE TOGH PIARALAIEI IGISUCONN CEE ACODU UDO EE PEE Deas aS awSewaLy 
7S aE. 44 
ae 














a jit poppet be HEHE | +-_— — 4H ne ae mt fm te POLEOD SSS BURR Ree BY 4 wa 
BUS RDeaE sees = al a a ea ea a) nae i ee [| ier CSOT MEM TONY SETTUUPTOI ICDC DUGD FO TDACd OOD DE ESE Ged Bee Sweaaeeeww 
UDO Be SSD OS BS Se Sane eee aes ewe OE 1b 300 ONO IPOH LAST TE TIO OP Dee SRR POO BSE BROOD SSAwewD 
LUBA Pas, pe Tt ed ee fe | ee ee ee ee CST [UTM BENE TRA RASGIN CURA ESUU Fd PU UON BOSE Be GE BSE ORD BASwewDp 
R LT BGSRSGSR SSO BBS FSG SOcORES SD BBW WBS Ls 1131 HANI SAT WSS NO An DNNOOUUO DANO d DUO Oe CU BOS See eee ewe 
ra ona Back Ete Et tH 6B See 
tj x ig a DUDS BERS eee te aa RS RS 1S 88ao Tae SSeS SB VSWwB WV Se JI laa aMaa pe | G00 000080 SEe Re SeS2 RE SERP.C 
BST Pt Foe NU DER Ae ia SU SSE eS SSE SSS SS SB WSS ASS » SBS BSS DW Bs Bs Sl DW HUNT I MN esa WIA DLA Roo ee Wet eee ees ea 
4 Cotwa 6heon Se Ree DOSS SoUb CSS BS DWI FDS: 2 SD SWB WG WS Sa Dy Wy MIN WT ad DOP ONGEA DC IUU NOLO QSeOOd OO 08d PGB EOE see eee. 
3 fIRLCI aS eeeeae BSRRS VOSS SS SSS DB DW BSS 6580 OC VARS BOC Wj WW Wy Ly 7 LP A OBAGI ADIOGUOEeU NOOO ROO ne Pee eo Dee eee eee A 
eT SURLUICTRORSe -H | QoS SRS EB ws FeSO Seo www eee QUINT TBSP HERS ACR DEN ARASCOUSUC LUERE ROR EE REE ERPS Eee ee a 
Tass ry an Soecoa0p ‘aoe! SESE AO? AD, LUDO TOADS LEDGRRRR ON CARER DURES RRS ee Rees 
ms bt tat & be EGE SERGE B - SOS MUTT IDEN TTD Ed OEE COREE RAS AURA RRR a. 
‘ i aanee IEBOREC SUNS SDS Seas eRe Se mt eee Wl DW Wa Wa 1 a TN TUT 080 TTI PTD TOOT POO Rae RA eee ER ROSAS... 
een oa eaeer os pp ee ete pe ft ft tt OUTRODRD RI SU DSU ORDO ODS OG PAYOR ERE 0 UBER DRAM EeRS AY.a 
gap) aRe0 Faas I DDGLCAl ONSEN SSeS ees Ow ¥ HD ASA TONG CUNT U ICTR CS TROUT ICT ST DRCARGHT AGREE HER ER ERR RARESRREEREAR sw A 
> « Ssieaas 8 a a a Be ee es OT eee A 
I MSEEG UDG EO Ona RRS DSSS SDD SDS wy ASU SSeS SSS ww es al CA RAADI UN RSR TEES DGS GE OES CSSA Sw' 4° (| 
pe me Pt tH +H RSS te ee et Ee A Pes RS iz saeer 
rth bean a8 Soguseae DBEBS BOI? 211 WML CePA LSA SSB DW Wy Ss Di Vo ws [IT LILA 000 00d OO A URANO a DEMO eONe Pees GCOke OOOO 4A 4p oa aoe Li 
rT hy +H | + BSS 6S ee ee 2 a 0 ee MCRCUCHEGL LCRSREREEE PUREE R EEE SERS aReRe Eee we a’ + -} 4 
fm | a6 aRe SEE a te eee AA &3 4 
; ea kana LIS BB SSeSE GSR Swe Ae BBS ES) € SS SSS S SSS SES32 SSSR VISs3 MAA twa eT ee TCcig Lt] 
gees ii ew CCUG GES ORS T RGSS 2S BB BOS ASS SSSE RRS VS BFW Wy Wa Dj MMI UNIT FAT OAHU a Dl POO oad be oed oe ee Oe ee eeOl ce ieee c me 
; Pr CSOR 20 000 GUSOD TR SSCS SSeS SSS RM WES CAC ODOCS SLSR DS DoS Wy SL MI He oe wae eaaaeiaeaegaga (00d DUOG EDOREO oben 47,4. coe.anone 22 
oF nO 0000 0S LOSERS S ESS BSSES BS SEE SSD SSS SD 6688S PSS ES SF SS BW DWP Mow Hs Bs (111119 NAL Dn MANOVA AHO Taek eee CeOR ORR RWR REE Aw Cee’ 
cal OG0 FARRER fISSSRRUaR SHS GU SS0 BOSE DSSS 208 S2 COSTE PAR SSSBWwW De Pi Wi HI A Spal Medea Ree e ees eeRe CT. “ovo Baww - 
ang da00te as GCSCec LASER SESSES2 SRS | BBD C000 CSSGS R805 SSDS Sw! WIA UO AL eEROT OLR R OCU Rees haaRee EBERT Ss © Soo sea Saou 5a2B 





aE ttt te tH Eee JB ae ” Smee agree 
een Ne RTT UEU UU SSEOT (SEAGER AES EROEG RUNES SEGRE ERE RY © 4074 OO, @€GGE SO 16D sna 

{ OU GREGOR a a a a ae ae a 0 es A TH HT RUST BSECO LANNE LUTRGRHERDARERESTERSAERSR Eee Se Re Ae | pes ee med ae a 
RO5 20008 SERRE RAANeRe 28 BR SESS BS Ss 2S BSB © 6 Bl Sl Sl CSF 8 SS SSS W MW SS Sy eS 1 1 TA A OCU TAA NG LGN TGA aTIeL Ree ewROT LEME 7. one Ana a a es ee ve 
QUCGUC LOGE 0s JO CO COO ES E0 BERR S RRO RSSSHP CU DRS CSRS FV OSR SSDP WB SS Ly SH A OA OANA AOBAQTUOCO Ce ROeeeNe Peewee (dv (9B BeBe” 4 wee ee 
ee8 a8 HHH TEENS S0 RD SCSE RSE RERDASE SSS (DSS TS VRRISAPS POP HW So Vi a HH HE HE “HFN TUT MEW TUT ARCA TeRO DOT eeR NR aReRE 6 2 oj Bee 





t 
«++ 





2SSIEIESA C8200 bP SSS BSS SBS S| Te an en gnaWNAN deooLCOCgenODaRsoeaaeEeeke. YAO" ARON I ee ee a aae 
a Zs } LL CERO OOESSs PES SRSRa Seen > co a GCSB OSE SHB SSB FAW Wp Se BWI 111111 MILAN eT ANE HAAN VG Gaag eo Coae seer PE HATH Coa ae on wee : i 
elites vitts eens ueegegaus se Saas Smete Sateen wes eseees 65a SE aS ae o coms woes re evan nnn NTA TTIITTITTTTETISTGTER «Soe, SeSaeEe, soe eae eee eae SESS See 
“ oll 4 
ae ee paz j fueaa GUSSC0 2 OCORG4 SSBB @NI1 1S ISS GSR SBS BS SMD l SCs) MIN HAT AN Wea O OT NARoasCoSoacoAAnoRneaee Jaury nea if Ee spy fal el 
aenes icaslbannacne SOOO RS SBE (0B VBS £402 SES SSS OS SBSWW Dll l NN MA UNA AY AND AN DAB ACEO teskoooReanedoneao soe oooeSsDo BOSS ei aes 
10 Mig oBU RO ORs WHRUSSE DERE SCCS@S SSE? li bh aB tea sles AASV SaaS MH OT 07 22a GS SDD” AP eka eae MER 
BassahadaTeay ocean npeusa SDSS S BS SSSR DLS EE DBD SSS SGG8 FS OS BSDW Ij Sy M1 WU Hw MTA ETA DOR EaepEagUARSsoOMaP™.a ~ + G22 BSB (ERS ae mS Ee ls ee ee 
ageenegnases CUS COC CEE SSG CSS S BEES BE BSS WS MS SM JEUNE EPWS BS BS DW Hae BS Ws Sa “TA IT AT LAL OEE DTU ROONEREBODD edt. 2 Te TeRe ¢ Seesaw 
: Ede assesses @BRI se: ee ar ee ee ee ee ee a a a ea Me ee aan ene TN ETN UTE TUTTE LOT PETES ESERD” aE ED fy 4 J0See ASS Re SSDblaE iee 
agente amiaeed SOU 50RS Gg SREB REBeS ee: kh SD SS A A a gE TA ONO E EE LE DAERORO ORES GED af, ‘42 BBS 4_ ER Ee eee Ree wes 
ag Chdda S000 808 sreaese 00 BSSS65SH08525 S903 01 BS BIS) FES SSSS CEES ES BW WS Ss SH SH (1111110 WM Oak aaeseedoe eee awe) 4o0eo DAS SU COSa Es Rare mwas 
PEGRSAUREs GHARTCE 20 ee 1 SO a a a a ae a a HA 00 NS SST TUNE ORS TNEML LUE TET?. ake" Eee (BEDUER * (See ORSes SSeS wa Dw ae 
wee Ee ee DORE CCSSU LETS G Sb. VS BS] de R ORS ESS BS ee SUCRE HEM SURLT ANON TRE ORP oll 29 <.. WEEP”... . Reese . QoCeSeah aS aaeaea 
HH edenas COUR DD O0St BODE ERE DS BPH t 4D DB flees Pa eS unt BER CV CRE TEP”. RPe aeeenr AOORSREP"- DIS Se Rees See ewwa 
at seek eetaiad OOD S009 CCS SESS RA SSSR SSD SD FFA FSET LY YS DW Li MG I Ws Hy I F104 LTT A onaagaore- aa i §SO80" 21 Se Oe SSE ERE She Dae ES Sas ee ae 
wiyu ae sas CUTER aS ODOOC CORD BASSES ESBS SRR DD tess eee se eee win Shan a ae a | a Fe Sa ce fea | nc | eon) 
qibseersttst est seereeesee tesa SCean sma sama sams sess sana ee eee eee eee Te ae ieee anes eevee tessa SES SSeS eee 
gen UJCUUULL do CURSED SES RE SSeS SOS ES SS RED DS D1 0 OES ee ee Car ee et ee tt a 


re ag 
O3oULOUD OR? IS COCR EERO eS PRE BS SS SS Ot ws 6S Ee BS ee ee es 





4 EO et] 9 a Fe | ae eco | es | es | ee | 
=e SSR SS 22S SSL SS Oe Rese SS SS ee es ee) a “ce0 0 POC’ ~. A209 RESO D BOR DRUM eS SSS =o oo oe os 
Pye area GSU CUCUE FORO BESS OSS BS Vii 10D eeL he ees Sa. ICG PRE RDO Oba Cease Bee Se ea ReRw eS Www Ase 

Lt Gate 00084 DGGE SCR GSS S32 020 Se SSS S BaD OPER eee Pm ee CODE GASSED ODOR GPR Pee ee SaaS were 

‘ a8 QOOBRD TORRE OBER SAAS SRS eee SRB locas ~~ is Ng a ff eg a ef 9 gO fy Qe] | ee fc pe 

axe reer a8 QDOUSDD ECS SSeS OSS R Sb ODES RSS toc seTsoOoRS ra ae ie CaS 890 Fs AUSO0CNODOD OBO Ee Se Dee sees ewe 
Tesyiteen povescsnessanesa eee Gomera aon ee one on eon Geen eee Ses soreseserarmrerenaneees oo" ge fas EEE 
Li at’ 
ti DGG SE ANE E ERS SOS SSS DS WS Bes Tae eS ee aeenin QGUOCRPREOES OO OCU OOONd CORSO See Ls SeeaeD 












| BEECHES E  re r BEER EEE See : 
in $n ClIS2 O2neoo Soe ee vee 2 ee tt < passers OHUEA (O0Cs ¢USH" SS EOSSSu SN Sm Om ares Oe enn bs Gs soos Ss Gens nt es Das es nlc Peter toto on 
dau ati wasteedooeed fa ose sees Saami >= cee JRE eee ann REE OORT TOEPOSEEESE SESE EES oTaTeeE ee Eee SES SEES 
rire sesesesee sececaaaSe samme ~ Sar aoe in te trates uteri aat teed ened sotenGuseasasee sess Seema satate eee reese ee eeae iz 
Het ites Hsstistsesseeee=” = or Se SSS SE cee a ae center teRTEPSTaToT TSDERESESEE SES CPTTTeTETaESESES EE Sa 
SRaRe8 ARS it | ob a RS a G19. LILA 101 04 0 Ma GO ONG B 0 SCO OU Rep BONO ODO Des ea ae eee ee De DS eee eee a 
Hi isaccsaecusanamy y- Tato a a sss sn ees TH Car(LIFLCOOUA COST TORSO EREVESOWUREEGES GRECO Ge Site Otte e ee ee ee ee ee ee ee ere 
ee eiesstecsaes=> ecm casasssces Smee eee See i ie a ttt cat ttssssi ntet rose eeee a Seem eta Obecere PaEeeg Paeal 
: Gsenuses (TD (RIES OER NSE 09 ORAS FEDET AOD OE DOH eda sd DBSO eee SSeS waa ASS Ea we ES is ae 
TAGS CRSGE GUESS SS HA yee BwO DU Dhhwm Ex Si hl aE FORH HANNA 000d TUR TE TERS SUCCUASU LSCUCGRGGES2U08 S055 See Gres os es oes One lO oa saan 


= & S 1% ee ee ae 
—O¥ JLITIGISSINSNYYL YIOHS 


xVWwW { SM 
Oo 


nionany 


Gein I 


13 


and significant mass ratios with perfect reboun . 


Shock Transmissibility for linear undumpe : 
Analog values are shown. 


fag. 9. 





? ‘ 














+4 a! } H+ cH} aGnn nnewe ae EE EHH ee HH eet te oe te 4 
Seapasens pases sonny feusepunes suconsess nc stcccnes seTa7esees sosaassee sac acaeeer cesascsees se v0sceeen sececeesns fezescebes fe sgeeeees faaesceees ceszeceess sesee esse” anes eases eenns veges Genes coats beaed NEE 
Sousa ueucatasnsscsessenescnsas ravassasnasresvosseneeves asad sreraeraszasastasreszerataseasaesssrasceesecatnes ratestesrssnesaetastetses saves fetrstnars esses seuss senesuanee pases Seog Sonat panes peemsas 
GRASS eReea Sese8 Besse Senes Basen eeees sesennsees pet pt BERR CRG OCOEBSE DE DSS SEBS) DOSE Ee0R2 020020 0880 DBESRERG00080 Co Jae Babes Sheps Seeks Senna ee ocean annan Geen ee ase z we — 
pogaa suaes seuss nanan sensu suens Saceecacas sc coccaaes bree esaeaceeeesreesaeeeeesen scaeeeeeee Genes sees ceese saccades cesses eeaaeseses sesesenees sosce teres Poses Pete GeUeaCeees CaESEEETEs Denes SEED RSEETESEEE 
(41 £20 8aIe4 TREAD EEE BS BEDE CORO RSEeD SSO Oc UO 2080 PART EOOo CORSO BRO OBE CORES S GHG 80 SDR00 DSSS TUES SE GEOOOADOTE Bee 0 FE eeS PES SE GSSSs DeeS0 SeSSE SECUSESaRE ART BEST OCaas GBOURBS Ree @GEoee 
Surus sven onsesgend ossessusensonsoutons orsossnsantastestari teastastos attayeest tessostes astastostssestestes oatastont stant antes aves tart stout aates azeazeedt efangastaseeseetosds fiegd sent Sateateas 
sasna nene brues sosus Soneunsees Coca trsas Se cee neces seve seeeee coseeeeaeasaae sence gcaceecces cerca seas seses esas eeses Sessa eeeasseees ease eeees SesetTTEee Ce EE EEESTEESSSSSEES SEES ESESSEEEEE ETaes PESSEEEETE 
BGoEILeSa8 BEES P8820 SOSERS BHGOUOReSe Sn pe — ft Flee Seeou ne —easBo ee +—- +---4 p-+ + ---- aaa eae ta pone fe pn pi pe mf ae Ha ~ fe 

So ssney seszg saves aransvaresavasatazasavasasesessserssesssatetasasasasers sated otaseseeedssanstasazetarsfanstanezs fares steraQanasstesaQaten Ger coated gFareQatatatetsFasee ctcesis Exeespnee 





Mee SHER eRBERT IBAA Se i> 1 5ee88 Ge Beeb SSe8 T8805 DRRSE ER. * - SDSRR DTT ARAD BORBA 
‘ a 


estes 


Hl ; ~ Pt | ae - 
pot Te a wy SOR SS0( 8) 8 Ba’... VRE SSO8\\ S88. 3 OP BBR OSE Bees eases OGL 0E08 SeSEB 2 = 
rai] pues 
GB 
‘es 
eo 


COTE ST NST STR Ssan sewer 
coh 
HES eH HS A HH SERGEGBE 
q pe om. h 
= rat ‘ pase senee Ht 4 


HGG8L,.J9ES op .. AOS E DOSS SSO PSRs Ed BSUS BEB Ss BESO ORE s Eee ee BE bh Deed CKO SS BOSS es Bees ee 1 
BS FOS C808 BER BS SORE E OREO ISRO. Eee SBS ROU RSOd BON. ORES s BORER ee pA tS 
HSeese00n eee H+ {4 


SO ESESLeSEO. SSE. Sceeeneees 
A ESSGEe HEE ae eau ge SESE 


aie 
hen 2 R@O0R PRE S0 BEC8R POS Ss PERE Pee Oo8RR0 OER 80 OOF 18 POSES SERS0 Cel" DESEER! SBoer 
SW9T £ BESSOLAUe OPUSs SAEs OE ROSRTRSTeSSOT0n: SI OeORe eek bass 
wwe & Fe vt Seeereeres GS RES SREET PETES ROSSTESHGR00: _lueOBOCLOEn 
——t 


Tet 


NEEEG 


dae 








4 


it 
| 
; 
5 








Baas (tz sae cseauaeeseGeRe ree [ 


TS JEOSRy 46' 40 SooSn nen oene8 HOSS At te Gg0 {DOS I8 SeeGSESRER fG... . APTOS SRS OOO R BeerALUdees coor eae er 
: SuSSTESEESEEE 
4 


Ete ete gir te 


Hy 
rs 
7 


tt ‘o.7 
hd 0 
o 


‘ SRESSESUSREBSRAREBSSE \DERSSSGROERERL IA tate aa 

‘= a } SEaee ee 8 20 oon HSESE RSE /... ERROR LEE OL SORE BORAE AES RSSCEREeB 
an + Oc Je De CBOSS FOGGR FOOSE BREST BRORE ON TER RESON AEDHD A! SRR RRREH, BS) BOs SOR CR EOE BONES CRORE ROSE Bee e Eee es Pease HH 
ees. aa 


el ft 
H 


(GREE BG OS BOGOR BOOS R BERD REBAR AE Ae Rees BASF RR eEEae aes — pty | ar eS. ao 5 pam tet 4 


Bol PGS OSS OR PSR SROs SSR eee eee EE eee SEL PORE nti aogm BESSHELSGOD0ESea8 





HH See reetertastatentasts cet ite 





| TTT ae: al: [aey He tt HOS 80 ESSER LOGE E BBSSh eeen8r" Bab O@e8qg00000' s0bea EEGSSS iA " 
‘ GBHhE10R F9 200 DESEO POR CORSTESSED ESSRSL. 1SRISCCCSES88 BORER RRGR8F * 4). SOR RSSS LRRD SSSR DEES SE FSSO8 FESSRN FES OR RS ESE BROSREOEED £0.” | ARBOR FO8e0 FOnes seeeenk 
_ gO POOR DCOOR BEG SSRESSE COOBBE SSES GHGS SHEHR FOORA DORE UGS: «eS D DSSSCEBERGH SBGR8R 


, 4 BOGE PESOS CRUSE BESEERERRE ESSERE SPE ROCSOhSss BBOeeRaBBE 1. 
, Hess : \\ane G9 SSR OER 20 0 SB0S2 02000200 DERSEESBOO OOBSSOERO OUSeOORrS0 FR OE0 BESS ORS OESERER CeSee 
SE SSSSS 188) \8 wh ‘au BORER OOSEHE SEOS SERRSR SOLSE SERCH OBCUE BOGUT COUR FOE SR0 FUER SGSOCR ROVER ene e8es 


! 
t 
_ 
a 
a 
| 
] 
a 
a 
a 
_] 
a 
| 
ii] 
3 
= 
a 
a 
a 
a 
a 
Oo 
o 
a 
| 
|_| 
* 
an 458 
| 
[ 
a 
a 
al 
o 
a 
a 
BS 
" 
J 
a 
ii 
a 
a 
Qo 
a 
BRB 
HeESBeoea 
BBaHEaaa 
BOE GoBB 
BHROBSR 
BRP Re 
Boas 
oO 
a 
B 
a) 
a 
a 
GEHEa 
SBoas8 
Becua 
GOoUGs 
OB6U0B 


nin a wae 
= 
B 
O 
Cy 
ial 
a 
| 
B 
B 
a 
G 
a 
a 
Lal 
wl 
BS 
a 
a 
B 


=e 
tee 
= 
BS 
BS 
‘ea 
B 
a 
B 
Qo 
o 
B 
a 
a 
B 
a 
a 
Oo 
Qo 
DB 
B 
a 
o 
B 
o 
B 
a 
Oo 
B 
Lt 
L 
B 
| 
5 
& 
a 
| 
| 
B 
B 
B 
BS 
Gl 
Oo 
ie 
a 
oO 
Oo 
Go 
t 
G 
| | 
BS 
a 
a 
a 
| | 
B 
a 
& 
| 
| | 
4] 
a 
a 
a 
| | 
a) 
ia] 
a 
a 
G 
a 
B 
| 
| 
QO 
a 
B 
@ 
B 


i 
a 
a 
I] 
GB 
a 
a 
a 
] 
a 
oO 
Oo 
_ 
| 
| 
oO 
a 
a 
| 
Oo 
ia) 
Oo 
a 
a 
Qa 
a 
B 
BS 
B 
_] 
BS 
Bo 
a 
a 
J) 
a 
a 
Go 
a 
oO 
ia 
G 
a 
a 
B 
| 
a 
a 
a 
a 
| 
Ba 
Ld 
= 
o 
B 
| 
B 
— 
a 
a 
a 
| | 








TTT TT ALT BORCOOESE TD ReHRo OBESE POS OU SR ECS IOGOR FOOS0 CUBSEUREESC BABU FGUORRF) Den Deeen eae 
es ‘ OOR00 20 BO SRSESU E8808 DRESS FRESH FeGGERB SO000 OBBS0 ED SESL FEEE0E000008 G4480 58 

Sane, Saab 2m. J BSR OR FSEC0 PRE SOSRBSU0 FBORR GEESE SASSER SR0 LSG00CEESBE BGEG0 Oa 

BGSSEG' (IG000i'On' \i8 SER SEOREED RSSSRERE ER FG8R FAR 0S0 FOSS8 FeeOn Beene ne SEG EGGhE | BEBEeEe 

SSUSROSS \SNBEES 

» hal | La 


+4- 


rot testo SSSGES0005 BERGE HSORE SeeeE eae ee 

fees weeee BNO BeOCGk BES SESE BOSSR BBE E SBESe eee eeeess IBS an 
EP IAT OME FC SOPSCSUOE SORES CPSSE POSTE BEES BOAO RASS ABE 6(S ew i | ‘ vs 

Se S08 US SWE Es Ten SSSES ROSES ESSSSES wes Sees ee EEs eeeSe: eee eeeeE ES eee eee LLL CLL LPL LCLOULLLLULCL ETL LPT USL LO LE 

SECC LeeLee eee CL ELL LCL eee See0S008 5B mere beet hae eee eee ei en cee et 1 

Pr eee cceeceeceeeceecrecec ecient tat dal eT ee Lc eee LOCI eT LLL Man CUCECLCED LLL LELOE CLL LLEP Sr LLLe 

PS SSR ESS5 PSS SSRSESE RS RSSRSSSs ROSES ESESS SEESSSSSSE SSEESS CHES EREES SE ERROR! GESR SONY (8) 408 CONSE ORR BOSSE Se eee DORRe Ee ed CERES Besos SSEEE esas SeeEE Sees SeneeEEE 

PEL LCOLCL CLL CLL LLL LLL eee cic Lice ete eee Tec ee merece i CLL Ce it Deer te 

i Cc JS0SRORs - JRE 7 ROSSER SRR oS RRO OE SS PORE REO POSSE SEES BEER EL. ees Sees 

CAE Ea 

A SS0008 FSSS0 SES 2s PERSE RSoss ROSSER SEES FOE ESE SSEs CESSES RREEE BESS EES SeSSEEeEE 

mete aie el ee) eo Le ce Cie CLL Cena Liaieel ieeme CC 











BGG DG8R00 
BEGLS0 DESRRBaR2 
oe 
Ba 
@ 
a 
a 
a 
an 
- 








Eo 
(eOGs fenes cosueevens seenssuesscersseseGsseseeseseeGeenea: Sanu 


SES BSsae Sones sseee asses seees sesseseses sess taeesssese) eases Secee’ (e"" “/caussasagesss 








GGS80 GG2000 0080 ia 5 as sue itd fe + { 4 
SSSHaR5 BERCD EBL 40 DBSCS SERRE SSSB0C FBR GUESS EGRGH QSSBHh9 BEa oe 4 ! 
dt fH HH et HH A Ht HH ¢° sO 000 SOS BGR 2 eee ee ee te ft 444 eet +4444 fH au w a 4 
HEH Ee a4 i0e 566 FS See CS R0SES LGSSSTCSnSCeesonC as seennneew JG GSOC00 e808 DRGEGES800 Ear... SOE Gea Ee CASe8 Sos StL o8N eeeelra 4 + 











. ae a . = a Vt Ba 
Seep Foeeestend SeecenGe0s Sees GGeer Gon SeeGGus Seeceues (eGee6 77/7 aag06 0000000000 UaeSSSeeees0nsa5nene <6 YSESe0 sx V6Guee 50000 s0c000s0es Seles 0050005000 0000s SsGSE8sS05pEGSSRSGGSRGGEp ines EER eRERE 
ERs po EE . 4 JO (0 GGGR SES G0 BOSSE POOR 1 FOE SEO SE0 COUORDSE00 ES S8 BESS See8e sen eEErd ane | 
Saas susssscess seescessscsssesssessessecesssasseease’. 5""r 97 ,dauessssasses secssseens sesesesesesseeassees a tases.” +osees seees sensecsess secede seeen cessses see necesseeascnssesssessesuacane: cos=Eaue 
Bgooos OGGo0 Ose PSE Bo oeoeseoeen senesseeeueenee= >a. >’ 4.00 GnGR0GGR0000RGRGOR PCC Cece ee ie eee ene one Cee eer eee et p< sen a 
ag ogaed SosGeGeSEnESESe TEEGESSTO TORR See Oe eee R BEGG CCReS | (amen teen GEGECEEGSr CBSClESRGc JC0CCCUE0E SUGOUCEGmCReDEeR Ba be S iH 
90. (BOS _ 1aeS8 SOSS8 FSGS RUSS ROSSh REORL LEB IRR ReRRRkL Ie | I Se DROSS FER OB EOE Beans BOS RE EROS OORT BS FOR EO ORE Ee SOOT DRS R ERAT CRONE BEB BE 280 COR ER eRe eeeEs eee HoH a mn ah em 
a DSCS BOe O) PORES LS SSR OE SO 88 REE eRe SES PSo Beeek em Loe (eee RESGUEUODCOOEGUU SSE Sings BeeGE GEOG SESSUGEGGe SGU” GoUSEEGEGESEGESEEUGE GUSSET SGEE SuNaESEUSECUSGECESEY SEEGE aus : ui'seuu t 
feessens | (G00 PGSSGT5 0885 FSGGL FGRGF 28880 NCU 00 28S FOUSL0 BASG00 020S8E8R SEOOORG080 GE0E:8 E208 808 8S¢ ~S GHEROU OSSS0 0 GSSh SORTER s Geese case ay \_] ae Bi i 
Sep Gene Qoueeeece sn eeeneees Geaapeees coseeseeen RCE EEE EEE EEE EEE EEE EERIE CECE EEE eee co 
. Spas Seer Seans Beane nasee se = SECRETE EEE EEE EEEEEEE EERE EERE EERE EEE EEEEEEEEEEEECEEEEEEEEEEE EEE EEE EE EEE moe oy m2. a ue 
z am" “FESS OM BGS 8S 05 0S PES BOOS SPOS Se SRO SES PAGES PRR es CREE SRO R OURS! CORED FSERS HORSE TR BOREAS Ce ee 4 a sas7e8s 2upge ry 
oe rr oe SSS BOR SS SSCS8 BOSEE EEE 480M. BS.. 15 JFOOCOCOGC0CC 0EG0 0 FOB00 DEGES BOONS FOGc 0S S000 00000 500E5 BO000 SEBO BSG DBG00 0Se8e0 BB008 E000 00000 beg80b0e8a0 5005 HH a a 
BEES EEE CEE RCT REE EE EEE EEE EEE EE EEE EEE EE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE Et eh SE 
SES SESE (SSP Ae SS e SEER Ol Pe On AESSL ORR o POSS eeeee ~~. Pe Pe es ee TT ooo eo Bt : 
Sets CGnl Senne ~, | Sen — OS BARS OES BSR RSR ROE RR OE EPR se ONO 20 DOES DER eE OBOE BORE ROSE RERRSS RUNS BE OEE BERR ES Es See eee He b 
Seses Sones Sass cased cesses sseee esses ssees sesso esuas 2 Nan scar Conant to: we emees sanee punaneueen sues Seneus un eee ences cuss sauce Geuussee=s popes sebes cones clses Gceseceee Sesseenese aeeo-am nb 
Be SS ws BOSS 208 BS ROSES BO Oks BO SOk BOSSE Reels ESSE Eeee Bd ow—~8Ske TREE oc “BSD POSS O ESE GE O08 80 POOR FOROS P8880 FSS8R LOSE FSS0e LOGUE FUSb- CS EEg PSGS0 S82 Fal 1a888 Leeag feeae eenE8 28800°185—- iow 
eas seessnecss DEBS FOR80 08 BS Be eSSs BORE TSE SSE SeeeeeEoe. Ie * Peete EEE EEE EE EEE EEE EE EE EEE EEE EE EEE EEE EEE EP fet a . ala 
Nee eee i at Sens ee ee CES BE BOSSE SESO8 SSSS8 BUSES BERNE SESEE SESEE SURES S SESE BSSEE neees Sense ee ees Sense eeEe a i dan : 
S90 080 BASES OSES BSS 28 B08 8 B88 26s On SSeS e SEs BOS S8 SOEs BS Seen ee ees Oe ee ShOne.- ~~ nen CANES Suaun GU Ba UBEGES SeSUGSEeSEUUSUN ERE" GUUEe EgUUEUSEEGEUDEG RESEEDEESE SEEUEEGEEE rH =. 
rye ase S00 O85 RGnO8 ROSES FESS SRS SSs BOE Ee See BOSE Pees Pe ee es ees eee ee --———— “TO DGC DSO0D ER S00 CURSO EGON) 00000 CUBED 05000 BQ2E0 PRS SE008 FF S225 {0888 fe 
% S60 BE O88 OO ER BOS Re 8 Bee Pe SEs PORES AEST Pe ML OO ~~ SE RGSS 8 B08 BS OROSR SOGE8 BES OE BEERS CS RSE BOSSE BEE es BORE eee eee eee HA H a 
ig a cH Seetps Oe set coest Glens nobet bonne cones bans tee bss sscace==s onsen Ghecg Gpcns tag cusesceces sucegetnentesess7_5) 2 \~ ‘es seat neg! Cg0s>cuscecvec=:ocbeeuseoaecegcsoee 
5 = Siege seeee seen ssaeensesscsecs Genes sescsusen Sates Fe Gessnoncweles Sense Gece ssneesscecs saeee reese nacnsscers casbencaesc~— co ns ser -veseed BOeSeeeseesGenSuened Genes aes og 
j 


@~ ABO S8 BOOS" SEES ROS, CES EF Seer OSS R8 PEO Fe HPSS 286 BOSS’ SESS k POSER BOSEE Bees Seee8 see San 
SHS BGGG8 BERGE SEGRE BERSR BORSSE SSRs BEES EOSs. (Eee Sek Se: See. SEBERS.\* eee eee: Seeek G0. CHGRSSG00.( SSGGGGG6. ORSGGG00\ Seeee Gus GEGnSGRE60 00500 0uS5n SEnS55s555 555 oO sett 








CH 
TTT Te Ea re TT GESEUERGH!| DESORBSB DEES EOSE CODGSTOUSL ~DE SR BSES” BERR POSO SO FSGS POLE SOLAaDeseen a a 
4 fs +f BH PEO RTRECeERS CT IRERE EE ROREE EE RRSEEEECCEELEE Bea Boo | 
GEGeaa8ag @ BSS S0 FOSS0 ERO 60 SERS ESEEe O00 FBGCUL3SE0 BAOGe. OSU BBEO0 aSSS0 DE0ES ~eOSGlS0h. »atOeSkeSl. ITSSEESEe, WOOREEEO. ) JERLESORs 4a 8 O88 Of ASR O EOS BSE SOS SSR 000 SeeeRaeeen cea aese 
HY st toonuewee HH ee AHA attest 4 
. += GB!) JOBE DEBE dE OSORER0 08 SOO0O0B8880000s aun PP SOT bd EH, A 5 4 4 GOS DEURESIBB0USERR z _ 
naneene rtd 4H potty ft ttt A A oe BSG00 CO0CO0 DEES DEBGCE FE080 ORO80 BO0R0 DEO00 BO000 DESEO BEE DEEDEES DOO CNG 80 FOO 88 F000 8 FUEGO OBSH8 GOERS POSEN GHG08 BEURS BSESs CERES Oees Aes 
+4 H+ bt pa tT 2 SG8 COR 08 C0008 BAG GE 28 BS POSS es 8 Oe 0O8 SF PE S8S SSSR FO RN OSS EET AOS ee Ree OE OEE ONE OEE eee CEee ORE Pees eee eee Bane a) eae euan & 
see BSE Os BETES BSSES ARCOSRAM "So BeeR ee Io — Bet .- S= S00 DGC EE SOEBE CORN ONSOEE FTL FEOHE BROT DOesOl PE TE O BE ss SO OTE FA E BOE OE BOSSE PS SSE ESSER BHSSR GORE CORRE BSAGR BRAES PARSE OORse TERE CERES See 
He pH pe pete ptt | BSUS SGSSS8R SASS FRSOOOOe: & a uae fh W 40088 PEO RE Beek Aan ai. 808 OS eens eh TS ere er rae ee Suen a zeae 4+ 
— + H GESOER FB988 1 OES FES eR8G8R0 FERRERO oes BU Dis Tres 4BGGRE SEGSSEREBEES'.. Lim 60 BOF Boy Po EET! ee ek ee eA PA ef fa fa =| GeB|s ‘es ue GBB 
pf] pa eee RN ee WN le I et OO UIT hr ooo eee GOO0EGGSER 
EEE EEE ee = OB EeGH8R 
ne naeenasaenuneen eaeee eee pete eye + pe tp tet at HG oe eH DEBS ODGGGE BBR CORES ND APPS ORSN DeSHRE OSES PSS Ea SeeH5 SSAelssee Baaeneta Qe caees 
ad te EE BU BES OS ESEE0 DOGE0 SESS O0e8 OO BESO GOES COSSE88 BSE G0 SEED E BBEEs GOO00 OG000 COEEHD CODER BESO 0 CONROE OeERS PESBaeR sss seven 


000 DGGE BER EBOSSGSRND SEQ00008 80 DG800 08 BE OB RS O0REGH FS8 FERS G00 PRED DSS ESO CBSE 8 SE00 COSSS ESO PSSRRRReee se4fe tft - 
SEEEsSSEES Esse EEGs CSssSOUHGCERSGROGG Sosecss ous cuseoseossoutent fost sstecttost asses ttostostes eoseostontenseostosteste tetostoste teateaste astectec testectes ess astes eset ontec ocet sates esas este 
TEE 20 08 28 8 BOS Be RS RO8 PSS S 88008 OE08F CG0Eu 0 COBESd OOS00 SHS BE 00000 0008 20007 CORSO T0880 N60 F TO OSE0 FORO CSE ESE OBSOOTSSOd foeen FeSO FSSOS RSS FEOF FOSS FAOCOEBl SESS PSeoo esse 0ee0s feeen HSS Ss 








itis ier et oe + et Hi HA elt HHH 


a TLE Pe nee 













a SS a 
oo 
a eee Pe aE 
Ao ae 







Ho FEE FEE FEELHEEHEEHE HEHE HEE HH FELL FEE EEE FEE Hk 


cH eae at 






















































is ae NCEE ial Ae a fat BIG AE MaL 
HEE siiteat gar EEE Lae Fee PEEE a | ECE FE HE Ha Het ile Hit 
a ii HEE aa NIN BH it HE i SUES Hitt Hatt HEE i cite ate Hal 
Hie ed it te ST NER aa Sl ae eit an eeteat UE eet 
A HE ee HENGE Ne AEE Gnu CTRL Fan 
EEE ELLE ist mou FH ute NANT SNS ob Eee et a itll ue EH Te FELCH ; 
Ee ae : fi HEE AELTEN| ii Sean es Ghee sain aine an Hat i 
Te Ne 
a i —e i, HH ‘i NT ee 
speed fesse nfl Alina ah ea ai hare nite Ptr serra ae b 
af BUBBLE ee Spee 
HS ee oe Halal ve 
Hae a ee hs Al cla a HES aL Bie al aii 
HL Te EE | HE ae cut tie 












Het HEH 


oa 


HAA 
dee Pleeel tele le Bie air ga ie ea ae ete Le 


tae Sie 








\ | ! 
re i 
{ ee a rf 
tet: eer 
a a ee ee | | 
x) ce ees 
fal | { | i 
P \ i | ) 
Ha 
“ { 
A Nee” 
EE 
fi te 
; { 
red ' 
H b 


WTAE aiett wie Hilt TSE a HH nee FEET Hite ae PER Ht | 
PO a seal On 
ee on ion 


aig ) 

URAL EE ae eee EE Lee i iat if 

HALE a FHA AES Loe ae Hes ae : 

Ce iF oo ee El tea ae eect et 

Hee Ha Hei Sal ge lad eed ibd sale eal lug 
4 sa ate = ARE [cede Gael 






























rig. 11. Pra lification Factors for erred amped cushionin» and zigniitcant 
mass ratios with perfect rebound. 


L5 
ead! 








TrTrrhiiietrittttl tt ee ie er eS Se 








































20 REESE SESS ERA OO DEORE PARED SEGRE CURSE TURSH VASES OROOoUeDOU SEO0d OlREO POSE PRES BRE GEDSR SSS0d PARA ASCs SORLA DAHA GSS HEDSSeEees 
== Eeeas penne Sansa eoean aes Sanseceses cereal te acs ot LL Bl Beeaa RESERE SERBEBYCRSE BESSS BABES AREA OPPOSE ORSSAGSEDS S000 OAORS GRR BON ROBE BRESS BEA POOR BBASS RAY OE SWE) PARA Bao FASS EE BSBA 
PEELE Ges OSs PEVSSL SSUES HEHE SCRE PURER BRON Y VATS POSES PALM CSUR CART sees SANE PO BSO 0S PARES SAE OUSESPSERE GAORROSUGE GHUSISEORE SERS OCCS2 SESRE SURRA LSLSRLOSS2a pat fa tt Seabee — Cabs BPReEe ttt 
SRal SSase BARRRSSNTE fgcasnarae paraa Gta tensa Ena ee oa wes caama onsea EoOSESSE88 
OURS GRALSTHSL4 SHChUCAGCS Goan be | peses seuee GLC SEBAS 
BOT ONSS) SESE RD SSRES RSOOS CLAS beeen BEGHS SRESR SeSRR BOS ER SET EReaSae 
OR CORRS Dae Ge SSbls PRGwe Cebks Saena pea pt ff HY 
BROS CUBES EASA2 SBSER BeDDa BD DRSSe FOOT Glee Peo GESS6 Lb 50 Seas Reesa BUS DADDSABL39 GUD REEESES 
Bi Samea Ears SE0n0 RES SASESECooS as BEOSS GGUSS LOOT GAERO SSH OR RECSH SHEE SSSR RERSBGRRES 
gece. -osnel maw eal 2SeEe Bao ERDee BBRS OD 25 SESS Eee BESO TEes Coa RUGEe Gaus 
= 3 eee Bee ae GESS55 ASAE AGRE PAS RE PSS) BERR DSAO0S @2S00 GAR50 SHREL SASOE SCSGS0 CORRS GSES08 CElNs BSeee Gl Gi A RL Re oa) ESRam) 
GaSee 01278 SEs : ESSEe NBOUE GHOTe TORRE SASHES SSR CROSS COS Boe OSORE CEES BERNA SSCS OBES Bese GCOSs Ceres Seas FDS if ae 
Ty DOSEa OBGSSE GROG SSCOR PEO OE BESS RROD RUAOS0 DECOR N0d ROREE GRU) GBeo0 ESOS PROG COS GRERs bee 
sees ters crsestessutses S SEES uueu Guess SoCes EvGig teeaeteete Ceusecoens faces ssuas cessatees seassseses eesrs eases tees eenee Soceenss 
een cannes Gere BGG REBTS SCART OE AOs SPORT EES DOLBADDIoO OPORDBSSED GOO CoO SASL e SSA CARRS ESTOS SASSER FLATS aaee 
GEsSag POURS ESSTE CEabe PARSE TSCoo a 
: GUSEE ESARaE aan CGErE 
a ESSER tneee BESS ER" 3B 
if CUERE SERRA neon Beh. 
G( 205d (Se sae ore 
uae GReaei sales sueen an en 
al a ames 
cus evers feecatsres =e aT 
eter crest pressseee Gescesmat 
ty Bia vata DULST CARES AAUSE GARR OD ORS SAORAORRia BGUR5 ROOORRDLaS az 
! : i I DOGUT SOLE SACER SUSSO SURE BAREAGALHS OBOSESS SESS Sees Fee : BeSa 
Sob EeeE BOSooR oat | PEARARLSREEH8 BA CERES RR SRS SR OME se Sid oe 8 PO Ree eee es Pee OE OCeRE SERED eae eee ew 
si} | GBERR SRSSTG (H10 BRD CORDA CGP Seo BUGLE RSLRSORADT POPP BAOED UNL O DODO SaSOD OSU PRBEE PRESS CESSAHe GREE Saar 
iat; sauna eene CSOT CARRE PRATT Ge Sb B SO oRR OLE SOs eeess BEORDG SSGOC RULE SELROD BORED DOO AL BOC QUO COSEE GSR SEERaR0 PASSA SESe0 Geeack 
eee S2GR SBEEE SSeS GSU DECADA DASOLCAESD SRE ASSO BOSE S PARED ROSSRBUOHED DESED &@ SBE RSlRT CPEDSEDPAD PO? SVORGLE £0 OCI RAPS RUSS R Sees PTET Rses CLsLaaaee } 
soe BEBaS saa BOOCOOCUDE EBTRS GLAS D SSTERRRESA ASB owas 15D 0Se PSSEE CBSE S BAB LeSOE SS SP ANGORA DAO CS See OSE POSS POS See POSS BSASs BE 
CRD SF Te Bae CS BSERG COSI ClIEER ESSER CES2 6 SE RERRVEEE PRR CRRHE a GEROED RE CRS BEEPS DOSES SeROs Ol ORS DOO SRORD ULES CURE RBS OSE OD BRSOd SSSR Peeht SEBERSSoee 
ez hEeee DOSES BESERRSRSEADRaRRoeawT EROS PREUS DPA DE ARARS SOROS 4200 OORT DERG SAU gd PES SS SeURE SAS ERESSss PSVesaeeeaa 


BG SGSeR BB panes 
i pects CERGE PSBOeS caNG PAPER SESE s ARES BO0ND0 RS00S8 SEEDS BER OC20000 OED OSD SEDOORESUD OBES SRSER PAS00 RRS GoeCen Seeks 
DOOuO SACU D ERED PEABO SUSY COCO O OORNS OSS0C DEaSs BRS SS BOSSE OSOUR eSSes Leone ksees 
CGEEes a OBSGER0 CACO0 REESE ERROS Toby 400000 SOCEU UESES TERESA NS Seed SBR SSSR SELaAS a 
G2nEa GEBSE0CSUU RRSSSRSRSEE ARES s C1 € gee Oe Res CRURSAEERR ALOR eo, © BOSC 2CSS0 DSRER SEER SR SeR ESE PRR Saees CSRs 
{HEE CAEULSS DELHE LOLES SSSR TESS CSSRORTDADA BAPE ROIHS LE aI PSS SSSR RSSEESSGSROCO™ 2 ae GSaee GORSTDCHED PODRAReSST SAAS seels Seles 
eSRaeenES HERR DLSSUE RSGR0 OU 1 Ua SSSR GALOT SURES ROCC- OB - | IOESRE SeGOS ORES DRAOO 0 400 DURES SHOE COREE SORE DOSES SRR SSSeRRRsSs Saseaea 








OSRRD SERRE SATORU) (ODASRSSRSRE ARABTEC D GROS9 SESUEEEARE 2OR000 J000 GUEST BE ESS BESS PURSE ORSRE ARSE GPESE Beers GeeaAsa 
QE EGR SESAE PERUSE PESSS She BSB Ooos GEDOOR GSA0S BERSE DENN 400 00 CUBR R LSS DELAD SUWEO OS EER DSP Re PSE Be es Cees eee 












Sese secon coosdosses eassasse antes tages setsdtosedoeresttost arecetee etocseositoss coset snecetonetcstostenstantas 
Erszsesas sacssoases fans ostas foseosees ousassend ostanteos asst osiststacstontsosstastes trestostesoseeoseas oste 


} Tt 
T 








aera 
ALTE HEH 

| 

if 

+ 

: 

| 

HF 

i 

i 

=a 

HH 

Ae 

i 

Hy 

ia 

PA 

Hh 

ie 


‘ 





= i 
EEE 


1H. 
at 





HHL Fa 








argh Fi sas en Oa 
od GIea BEEP COAST SEPP R PRR PARERPRERREADLISLU Ie 78 DREEO Os". GR STERS STARR RASee SRRARES FORA e 
ba J | a LUGAR BASED SARA RSRASR RR PR BSE SESE RREOHwALOE OOESBS] CFC. CER RS EEe BBG DERE PLAS SARL RARE ASMA EVAR 
.S2Ga PME S205 Bees ew BS ESSDS ROPER PSSST AK SGS08=) COG sSSS8 25 O08 RRO E PSS S SP EES DOSES LSONE KEES PETER 
—+->— + a] + et ree + 
a paar ‘ > 
ao . tay ho +++ ine 
— stotmtata ae sam 1: 
++ : oo 
Saue 
pe 
Eafoesd beset ccses 
: oawe @ ewe w mT 
phe peka 
+ Sueceea ++ 
pane fleas 





mars Bi 
Ti | 
Ser" Bese CESEEE 
3 





es eee s Seuguasuns pasa ads Sus Tsnataseusssaeysuess ease sereaseess reseeee? 


—t . 
tae 
- + 














ees SERS SReoe —’- 1859 SERRATE RES BUTne SCOR LABS FOBT ASAE RY PESOS DESH COOLS OEE BAERS PREG PRA URese Seeeo Ge eT 
2, OSSRE PROD EaEES TARP “DERE CERRO coe BOCED SDSR SPob SLOG ASees BOOUBEOD GOO RD eEeRR FOCAL ECORS CORES Rese” Asawa bi ia 
PSHE See 3 esr I eeSeo ee mel RCOGE BSDAL AGERE POQEE EGER CRSA AOS O0 OPGSSR GRESs PASTS SOUS SALOU PRS SSA 
oe. ae LESSS LORE EY O20 PRGH POLLO EBL As GOODE ES GORE FARES DASHA SORA SAPO AIC DESH PEER FOERG RODAS VOL LA aweeR esol ay 4 
Bes 1 Bae pif BES BERED* BOCRHE LEHRCORREL + DEW SECU TD SDSTDA SORA LASSE DOSUA SSSURe DRVAA SOURS ELADS TARR SAURS COCTBOSLCTA BEARS 3 reel 
aS eee See Sony : USERS SHRP sR READaARUlesesas OB CSERO SASRaTSRRA pote fe tf ERE00 SE0SCRBDEGE FESa8S CREPE DAVEE gaeea by aR 
Poa j B GER ES BREESE BROURl W240 DROERERRAOAR AOTOReoe HGGHD BXBBA S2BR8 DACRE OBERS POODRRSSRS CODOSSRROe RARER p-—— dt - | SEESRPOCOR a0 bes 
HEGRE BSSRE OREO "- BSQSSODISA ARCH AASOaee £29 59 POSSE SERBS ABER DSEGRD PEERS E0000 GAGES O03 ©2GE5 PSSSS Saeoauees GERESSalooa =i 
posi CLedeo SSZEeSTReT TEL 2 BEGS8 GGUS BETaaROeas DROS DDSTE BRASH SURBE POSS UGE RE BELO SOLS Oa CER PSs DESO Olas 
ig GS OS53 SROERR ESSE ISO 4_ URE GRRBELPSRS SOARES. GRSD0 DBA00 BEERS PRUE RESO R BESO DEBESS PSRRS GOERS ese R RESO BSSee uaa 
G000 BBBETRSESO Or, ce POlSE SBGSERSh lb euoasaL Ht SSR US0 GRSRT FEN SE DER DAS RAGS SRGUROSELOOeIeeaeeS 


BURRE SRE ATS eB SRI eos 
te | gesee Une seseeeenoss DZODR CRRA BASSAS ORS BAOASDOIEaSe oe CECE OMDUD PBUCULCEEDE PaSSBRGER8820 siesta ataiaeate EDD ORBEA CUOBSOOOLREDERS 

C320 50°7 180 SGGSR ODOEY co EN SR ESS BSEER CLASS PELSECe 2085 O8B DOSEO SSARH DOR COSOURs ASe0SE RRRSaR ORS See DSSS BORA CSBEGRSOSHR SSSR SS 

pPmenpesp rt | BROCIOCD 24 SOGOU GOOER SESSA SCR Si GROORCOR Y4 BOD TUOVSSS SRUU COS) SERAPISSRT PAROREERES SSE OSA) SORTS RAH SSAA CHSAS ee 

OG GSS 80 BSESD SFP 200 TREHS EERO GSSER SSO RS POURS LBEH tHE) BOOSEE SRR GRINS PEDO RALE CAG ORDO ROA GOR S Sees CSR RSA SOaLuoesaan 

GG0Ge SEGR0 ~40So BERR DSHCH OS BSE SSSEE SRRST OOS IDE DODO OE SOVRR BRON PUUON DOSbs SAG OR SURES CORES SEESE PBS RO SOUOREseoooa0 ae 





i 

H 

i 
pe. 
HE 

















BH Busse ae CSG C88 OF Or. GEESE PERSP EET LS ORAS RES Se FO PRR SEE BEERS BOSC CRESS ee oe SEE eee See Re eS eee eee 
. a Ross Same oe ies. : Jeaequsecewess © (ceeasceenneacas sae Sndee Sens EFe-~ Posees cease caecoesser Sones soeoseaeEeEo. sesca seas ceed 
2 er sa duneenueus seduascens veeesudeeesseeesesos<ceneedeesdseeeses<¢ sunacessescesanana ; 
ES SSE Pw issac ¢eeceeseasaureesyes BOE ORSRe BER ESERE HR Tee 20000 MSGR SSS Os AEE ROR EE Selo USSR PARA MOL OG. i RAGE OEE Es ASA +4 
DORE QUES G5 Be SHGGE CORES ESSb— E80 SOME EREwL de. SELCEE APOES BES”. LS88s CARSE PRESS AC. JEON BRE BSS o_o ORS BS OSOEe BORSA 
2 A? OE PARTE RSPES TESTE PAINS FERRE FoR UE STOO E PENNS BAAS Sees B= Fae’ wea SUSE8 SRSEA SURES SRSSE SASRS SEREE PSE BS aeaEs SEARaeSeEE 
Rares SE oN eae eee FE SRR eS as aneas senes renee cased She -7 ~ = 187 4a. canes SSUSS SURES 0 S58 SES08 FESEe SSens RES RE SeRes AREER eee 22 20 
8 peees Sakae BOG BSSSE SORSE RRERS ERASE SEOs us se SE. We SE MSG 2 ORG Se GROSS £9 Oe PSR Re CSR See BERS RR ASe SER ES a 
as oe panel ao EE Ae mane Besse snaes Peens papas & 
. EREas BOSOG ROSE SEREEESERE BARS SSSre 498 T% 2-4 : BaReece . ; 
aaunee rsere Seung Ceade Sakae seers reees Sunes saeee ene. 64", 18. Ww AE “3 1 ES aeans on ; ask 
nou samen Se eam ae HEE EERE EEE ECE E EEE EEE EEE EEL Ht EEE : Sasnseos ae 
Shapes GaEse kan Re L GOS 8 SEOSe FETE FERNS SAREE TREE SPEEA TORS SORT Ab TaN ae pi eaaae 
Sane H 
saneo 


Lt 
Heug ee 
Coaa 
het SE SRORE EDEN SHSE 1 SDCUE SSTLOLILO8 BASRA IS he BHeAsOULas CHESBEE CRESS BURA ROASE COEED SUDRHORA0O5 GERBER LSa Bl SESEA ABAD Buse Laos eewAss 
ses ceses cacce rene teassecese ebrsvsesas 


4 ; 
os +++] SS0G6 SESEn SUNOS Senne TESGRanOens ceeenoneee Oe ZS RRR LPSASeRso SeSSRORnSs Henge RUuEs SOSEE HOSE Keune SSUeseuGceaese scesesnuSnSnese banat = | | tte 


Seaes panes senen SBBESS COORDS Te00D SUDEREBEOOD Ghose 
: t 
A LSAS 5 PSo fi Gees Grae ee eee aeee — SRECSTDDRLE ClO SE laG0T DOODLE SRORd Gooos ous 





ey | (iE ey Sd [ie 
‘ . Leys) i vias ' at a 
2 + {-++ ay 1 
4-4 as 1 b-45 44>: 
aig Hi e+4 -.44 74 
5 tf dee eta fia ea 
oescupeagee ae 
pease sash ata 
SSE Ss | ° ae 
oo 2 ae +11 
eee ee eee eee SURES A EERR COONS RSONE SURES PERS CASE E BEES ASSES ARES POSE eRe eee GEESRS BRPOR SARE PERS S EASES PDORSEAN Ho PRO BOO SES ROSS COG Os BEN OCeRea DESEO OepSsenonooo He : 
Baewe Releee GuEen Seen SETS Bit EE ERE ERESS SESGs SReS SSeS BSS ERE CABOS BOCs 2 T 40 BESS DORE S GOSEE PERSE SESE SPSS SSSOS0 SESS DORR Bes OEBES PDAS COLES SABHUSSOno Gag c0005 


Ses oveda east ontestnassansed ocd nize zensnuse eect tastesteztsuttedtantastey test astes tautesrtas ostecttos onstes as essesteas auto tent cettattazt avten toet ovtessered antes ese! oftaz esti osteatiee 


—— +. -- seeen8 BGUSE SeS8 GneeeenEAS SGSe50eR00 FeUnR0o0R0n SRES POSES SURLE ABEL! ISL IBARALE CHARA OOU SA SHORE URS CASS SSE AS SOLO DSOARE BEVES OSES COUOD CBSl2 CSRS ASSOESCeseneeoca BEGESUCEAC HOCADESESR ae Bane! 


16 














Ss Sauas bus tebnets snsuscaezsceessussecbraacsaaes coszsase1s cessaenses c=ace taass Gaeraceeseeeaee toast secerseees ceneeeseaa Geeseeeses tases es eeeestenestes ceeetseees Eases ceete eeees caanaeees aad man 
Sbabend peeSs eoeee coecucrees caneccancs bocesnrsne “wa Te:eces ecbescosle rises Geces saecs amass seese cance cotecceees dotes Geb dt Eaeeteares cacas nedce Codes anaes cases is sess eect eee 
BOSSES (DUCE PRLS Ot PADS oO DES Pees SRS Bes 2 eee oO BeOS E Sole Pea SEC. 2 DEBS OE RSS BRB SRS DOORS sea abe 0UReGSGRG G80 G00 SG B0G00Gn0GR pees GaRenpReeERESes 





GD RSC@S } JDO SCOS0 COOOO Co DURES ESSE OS Eee Des OE Pe OS8 OS GOCE PURE See PUES ESS BSSs Ooo OSS PEs SOCsE SO SeSeeeeaouRs BESso SEES OPES DUSRE BoSoR FaLea a 8 a e298 ~——— {| = - 
Haascea DUBE OE DESEO GO Oe Oo OSes BE Pes GOeOS BSeR0 PSR SOOSEO GOURR GOOON GSSGSRRU SER SSE SRDFeRaooeD BO DORESEDSRE GHEE OBeeso GO Se RE0 SERUD0COUES Galea SasaR +4 BH | i ete MSE Fa is : 
: OB S2 00 DEB TeReSOOSS DER 8 Be 8B PO SSeed PERCU SES00 CODES BOO 00 CORSE BOSH0 PEE BE PRS OD DURES SRURE POREE OSS 8 8 AST SARA BAAD PBRESOUCED SAO BA PASSE SBeTB oD (ae BEY te ‘ 
ES GB OFORS CVASE DOO SE BEE SE PRLS es sd BAe Ae oo OBOE CEPR Psseaaae SoU CUBE ESO CS RSE S82 BSS BE 508 GRA GS 0 ASSRR RO TIP OLE SOS EAS PRs 
BASED DOSES CO BEE Geese 2 ee CO ORS SOROS SCO RSS CERES BDC Pe Re SPR PS OCOD PRR PERS ERE HCA DOSE eee Pees To seam 


1 ret BU00 DOG00 Coe Oe oOCS0 Fee Se PESO CeSOOOOEES GBOOURRDERO BOOOO ODOR ODS SEES" GSEeebsesko Bolu EEE EEE EEE CEE TH GHeD000nE0 Guededaaae Stseretresessocd : a=) 


+n" 





Sa esnsgecsages cased cosas eostateassceoc antec ass osssi fast oaatd fasti tacts easssteearateaeeej nied paust feaatistaatressiaitt uittrassdd acti tastd feast teees ae 





| 
Fuflee 
eri LIC 








TY! H 
GERBER x 
i Y : Pf Pate ft bs ey og pet fa tp tg ft 4 anne eee ry ayes , 
! cs Pit, ptt its {EEG (GUE BE ERU OBESE SSESD (B80 0 BURL ES 16 OE OD RESe PAS HORSSE DE PE GSE RSERE EE BAR Bese GERSSES GUDVUSESCORSSSSTERBk0 GoLane a 
{ OBESE LSe sleeeSe ja BUBEE JB BBE BERCR BEES OOEROVORI DESSEA IES BB ON COONS OR Dl (SSR UVES DEEPER REST PEARS ABA E AS OR ALOD Us OUR RDRAAAD COOLS RAGS Bees esase eon pa 
Eeaes PT pt dA DUCE Fee RE BPD OPel ooo Pt af ate fie] DESSULea8a + H—]-4 
Su BS a Po dee tee af JERSE BSS Be Be eee, {REN 18 
: Fs 8S SOU FELON DESS8 DOCU RUDES OBS * {REOH BBE Se BBSSDOBSRRESE  DGUeSELe H 
4] 
@a 


gobesietestecescezeeteces benny Enver eces teres ersee a saeadtcsEesantepatenatecitesttesittadinastiositeitostiost rositostieas cHinsiasresteany 


fiw = 


' SEEDS DUn po fi ff tt 4 ttt es! H 
Sasi CESSEHSSsCcHrsuneoetoees aneesrecdtosttcitoce Sees Ce eaten ee nee le 


- ——« 
a Das) | og 
aa (ay. | ae 
t+ a eed : ~ a { 
oe 
to 4 


1 ‘ 









20 DD BES Blea COST LDL PERSE BED OT BROS OOCOBBAS 





al 
a 
g 
a 
a 
iz 
. 
SaRe amr @ 


BEES SSeRUR GED COOMBE 
8° BESS eee eos 


eS 
£ 
GB 
~ 
a 


G 


EBEEES:. \SRt IBEOws JE GSes SReRe 


BEECH EEE eee Eee CEE ee aie ee EE CEE See ere 


IF. 


Boo 
ooo 
aan 
neo 
BeBe 
eeers 


5 BOeED". 10 BSD Paes aA GERSS Seeu880 FeoOCODSaSeao eeeeeaea & 
UGHSSE 10 BROS ESSER So POR 8 DOOD PE eee s DESL Aes DOSS L0 QAO eeeeo 

DOD OS UE PERE ERRE SeasB0 0 PADDED DEER URREOD OB POOCORRE DORR ERE OBBH Saeed Dee 
DOOGO GREP PRPOBRESOD CORSABADDD BAB DAEAAR A ADADOUCDALRR COBaDOSEAS BAOSReeeeo 
BUORS DE RCDOUBED 20 GADD ADLOO DAD DO ADARE ADD UOUDTDO DUSARDOOS OS COBDAsaaHag 

SBOS* 2 PUDUEESPEE BASES POO PSSSR OSs CRB 

DOGO 15 DECRDSE ESE See OO SES Pee seOoeoo eee 

BSRBEREEERES 

BEGRBBOLOoOB 

Bane 


cat 








a 
a 
| 
5; 


as 
BES SBA 


ta 
TEs ahh SS000 GSGS0 00805 SSSR E eRe eS. ee 
Soe Bea Tee eee eet tGS ROCCE eS COR LOSn Soe cee 


a ee ote ate ft tg Tf 


r 
Ci r 
Bi ewes } teen ete eeleretelerennte | SEG0 M8880 COS Se ee 
4 oan Eee Ce ee oe 
Se tele (ete ar 
Re CO 
} . f ie 
a 
H } 


22 
HH 
OG GODS BE ASE OS SS0 COEEE Fees eeees oe oo 
"SDS SSESS SSR CISL IDS R80 VASE e BARS Bees 











rat GEBRR COOBRR BREESE ESSE (HESS BBR eas PARAS 
SOogaeo00 beem', BOS 25 DS eee R0 SS OSs ews 
=> 


fied Suaes poses [ueeeteseeben crest Guage (ones tscerstcesencestees (oczstca 

SUEeUeN eeeell UGS SOGUNAME He cexGexte= tna} CERNE fsceccecer fececzect |cceeree! ts 

man Petes Coabs betas ceeee ceatescestacey (seas =seue Gees aeeestcees (eSteebnt ct 
@iacce = 


SER OEBE ODE SRR ER PEERS IAA AD OB 
G8 CASS8 SERSS CHOEE A. Ok Me Bee : Be eS eee” Ne 


1] 
BECHER PN p -f—4- ETg 
esa 


BOes Sanaa ~ fd ppp Pe Be tt Eg 
SSR00 PARSE c NS BOS | ARR ees SESS BEES See {BSS eee 


CRE PUG U8 0X REE Bee Eee EE eee SEP eSe eee Pewee 
a BESESEGh- TEER CBee | ISSR EBOLReBAsh ees 
SER af’ Renee 2 |_| 


t 
DBese 
ODeB 


<a 


Bi alee oseeo 


Pte tet et take lotaket ket tt tae 
"eee 
rt tH 

B 
a 
a 
ia 
B 
B 
B 
] 
o 
G 
] 
eo 
I] 
LL 
B 
B 
o 
Oo 
oe 
a 
B 
_] 
_] 
a 
B 
| 
B 
_ 
a 
B 
B 
ie 
B 
B 
O 
B 
B 
a 
ie 
a 
a 
B 
a 
i 
oO 
B 
i 
oO 
oO 
a 
B 
SB 
r 
Bo 
o 
oO 
B 
ee 


* 


eons 
eae 
is 

= 





i 
a 
a 
‘a 
oS 
a 
a 
= 
| 
5 
| 
i) 
1 
i 
iz 
_| 
; 
m 
H 
a 
| 
| 
a 
a 
a 
B 
: 
| 
a 
a 
a 
a 
at} 
| 
a 
a 
a 
a 
_| 
a 
a 
g 
a 
| 
2] 
a 
| 
a 
a 
@ 
a 
a 
a 
, 
J 





rH 
FF 
age 
aia 
fat 


4 


Ha tf de {od} OGD 8 BEB E0 GSER0 s 4000 B88 00 CEB EE GOUER BBB00 CEOR8 CEES0 SBBesOOBET. iaoe8 








Gann 
a 
a 
auaeee 
BOB abg0m 


a. 
GREEBS SREB RePoU 


HUG UEERL CUBED DE OOE DOSS 0 BRUGES PRRDORR DUE SERER SSO COBDS COCR SEBOOCeSaae 
CCE BE RSE OSE ED BESS BESO OBS SESE S BEER Eee COO Cee 
BREED a RRAUR SAREE CORRS PORTE AREOLA SROs eee eee eee BEBO Oar tee 4s 
BUGS URDU ASABE BSED 8 BOO OER ORD OOes BOE DAAEA BEG O0 OSE SOR eOeeos GaowO88 Sie Ler \ 
QEGSE 10 CULO eBEESE SSEE5 ROCCO CERAD DUCTS APD ADRLO PUD ODERBAR OES Sees CABOOSE rat (a 
BHEESO QR RECT SS BEER COBSAAADO OBSOD DASA ABDDA LAR BO BBOUS GBO00 CORR R0eHRa0 CABO ate 
SUES © TOBOLEBS SRE DOES CES OBES OSS E SRA PERS POSS BAR Oo GSS SAAS CASE 
BS .2BSC00 BBEED CIE ED CERER AS BEE OOS SUDA ESE Oe PRS Rees BARRA Ses Baeses .£ 
OG 09 GEESE SE8SE0 G08 S0 GP U00 FERRO U0UUE DEU0N LEO BE COD 00 COESR OEUS0CSSHS GPCGAOTBEG ce ee 
G0 DO BBSESEORRE PAGED ROOUT OEBOO LUTTE PBT FSH OU GUUVOOBEOU GOBLUGDOC IBOAOOTUSE DUCES Seee0os Heat 
On 80 SBR OER EROE AA BO8BSS00 CEB OoOosaaD JUG PUSVOTSTO0 OBBOS DOGG GOBOCUGOTHS PSLAGeRees 02H 
OF 09 88 GES BER CS SORES O88 Ss CORRS BBO SES BESS SERRE GSSRR FSeRb GAR 1 SeeeR PARSER Sesa 

yaaa 

- { 


L 
i 

| 

Baa 
Gna 
BEE 
Ean 
nae 
art 
Bu J 


EES 
bane 
ane 
PEL 


sretinteaiors 





Hee Rseace 
AG BEF {BSE Tae 
” 
OC JBBBE BEBE eee 
SESSEISSSEEEESE SICES 


a 
ia 
O 
a 
ia 
re 
iA 
a 
s 








= 


| SEE ESESSSRESE SSSR Rees) Ae 
GURU CUSED OPAC I a0 ODSSE EERE Peeese Ie Be ees 2 eee ee Iw: . 
esc BSS0 COOREO ae eee G@Saet ASO OBSER SReSs PSR Bees LOB 


B 
oO 
| 
a 
= 
Lis 
a 





+ te 


44 ? G 
BEEUCRRREDD SERRE IaB0l APS Cee Re eee. ett eA 
oO 


fosesaneuuse t PEE EEE TEeeL fee = fs tH ft es fe a BSH 70 G8 et 
a GESE8 SOU EESBEO0 CESSaEsaH 

CORP EREHE SRRRES EDEL EE ESSE Leese BEES EESHERE PEORR ESSERE eo B.1WEER OBS SERRE 

cose cemee Sera © SeenS® “SOSSSSSSSSSSCCSSR000RR000. RGGG0) "Soe sos GESoCeESnGe Sooee Gooce se Gee ee ee seeceeeeee Sooee Sooo Seeee eee Cee 


a 
BUSeEEsagbes co NE i 
Sates Gobbs sense FSUGEGESEs Seesueeeh, -Caeeteee CreeeSeeeeGeeeatn, cgi (a0 Gt fe CosueeueueUTeteecees Cecee css cc S0ta= gccee Coeessocesesseeescseeeeas 
CEH ee HA SSseSSSSS5S 0000000000 “aL sau 





fae 
Ett 


Hii 
; 
! 


| 
LJ 
EL 
ia 
is 
: Eo HE te ttt ett te 4 
DDUDE EERE0 DORR 8 ABU CF GERD OUREE BBD OOESSR0 COSSR OOE00 CBSS0 000 00 8 SO0 CREE 0 SOUR SeSPo eoee 
DUDEBESESD FERRE FRED S RE SSDOO8SE GP P00 SSSR COBDS OSRG0 CARBO O80CS GESES00RE8 S0o8 eB 4-4 
Lip Hop te ft fd de i] 


F 
C3 


Deflection Factors tor undamped cushicnin2a2 
b 


mass ratios with perfect rebound. 


: 
ee 
a 











Bee tieeet eee bugs) hesddsanes pena nen. 
HH 





} 
4-4 + 85 


a): 
H 


od 
Ba 





a 
gore oo 


HE 
fe 
5, 


EGOS FEE DORE POOR S Se Pee Oee sO Pees eee ee ; ; He 
& 245C OBR EER EE BPO eens Pe ooesseeee TT TTT cy} pa EA a 

BEECH CEE EEE EEE EEE EEE EEE EEE EEE EEEEEEEEEEEEEH AB EECEEECEEEE EEE EEEEEEEE EEE EERE EEE EEECEEEE CEC EEEEEEE EEE EEE 
HH H+ +H APRS 0 Seo eee eee 5 GS (SSS Seeee see BOSE BE. Cee eee cael 
enact SSSR E87 eee" Be ee.Y HRS a rg a 
Baal BEERESCe. NSEeeno Beene eek see. SEER aESSh SURES EBE.*) BEBE BEE8._e 2B REE REE § PERRR ERS ee BARE RS *- SERBS SSR SSO <aS8 PK" SOEs CEs Pes 
+ = SESSSee.. Senee ene PCT a anc : 

SB_ JER BURRESS Oe bee COSSE PORES 

EES S00 CRS Se Bee PSS OS S0 Meer 
O08 ? 4900 DUSRURESEe Beeeele if! ep PY 
4h ed! 1K 2 eee 
Sense sugun eeesessssessesstusgencay Aeuue(¢sneseese cence ABE 
seeps UUUES Ceaus eeantansns anes ieee Sl i ser AWW JBSTTEEEEPrETTTEEEE ee 
poo pee be] SSS SS050 Sn ane Geeens SHEN SEE >: e 
snene spenee - faseueseen SEGSESTREREESOROSL . eRe eee sees “ 
G8 BSECS BLO588 4980 FESO TEAOCos oO Rsos soos 
Sescesesceeuas BDO JUD50 BEe08 DOGS 0ooR eo eapore 








acti 








eat 


“SEBEE aba 
DOBEDE Dea 


4 














Oo euahe ensdeeeaeneas 
poe 
SB 
i 


OG CHESS BERS8 FARE Osseo Sasgus seSEETSeSn GREG GaETD EAEETTEEEREEETESETETESERTTEEESETTEOEERL STEERER ESS CORTE EDOET CO ESSEETTESEET ESET ET TEEEETCS REERE LATER TET EaCorES 


Coaw, 





Vz Comparison of Analog and Analytical Resuit: 

The analytical results of Appendix C are compere. with analog 
results in Figs. 14 to 18. 

Figures 16 and 17 show the response curve: ir two rune 
made with the same values for the parameters. There is «: ditierence ot 
approximately two per cent in the maximum magnitudes of the *wo runs. 

In all cases the analog plot lags the anslytical point plot The 
lag varies from plot to plot and ranges from cone to three seconds in 39 
seconds. It is difficult to determine a precise comparison between mag- 
nitudes of the analog and analytical results. This ditticulty is aueé to 
the time lag and to the uncertainty of the exact analytical maximum mag- 
nitude. A comparison of the maximum magnitudes of the analoj results 
with the largest analytical values suggests that the error 1% within the 
range of plus or minus four per cent. 

A second method of estimating error is to use energy methous. By 
equating the kinetic energy of the entire system before impact to the 


potential energy stored in the cushioning at its maximum celtlection the 


Ka MZ 


Z fas can be determined. Tris maximum 
Kf Va 


maximum possible value of 
possible value can then be compared to tne maximum value trom the 


analog results. With no damping (8, = Bat w) and mass ratio pee he 


the comparison is as follows: 


a5 ee ae ba alk va teas 
‘ -4- meee YYN om —— é pCa :: (foy" 
- ' a gh a ae = seid ay 
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We know that with Vin = (gO M,= Iny - KX, = X= aa betrore 


nt | 
impact and W. = \ | wy. Substituting the above in the energy 


Eq. (8) gives: 


} goer v 
ext YA 2 X ¢ 52 5 Wa %~o = 2a Ws WSL, ae (rnc 


Rearranging gives: 





3 oi 
we _ Bo rene 
a! ua = | 
Xo / re: 2 
and 
xe rvv tf =a wi ioe Pate 
1 77 2 
omy). \ 
which is 
; X2. ed ee | . 
the maximum possible value for “<“~7~\~ for this case. hen we 


Ky JW 5 


compare this value of Jz to the maximum analog result we note 
that the analog result of 1.45 is about 2.6% high. The actus! error is 
probably a little higher because some potential energy mav he stored 
in the spring k 1 

’ A third method of estimating error is to compare the analytical 
and analog results for the maximum deflections ot the cushioning with 
damping and zero mss ratio. The maximum deflection of the cushioning 
occurs before rebound and is dependent on I. as shown in Eq. (22). 
Comparison of the analytical and analog results snown in Fig. 13 


suggests of an accuracy of + 2%. 
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Of further interest is a comparison with the anzlog restlts pub. 
lished in "Dynamics of Package Cushioning" by R. D. Mindlin C) who 


uses an amplification factor which is practically equal to the smplitics- 


tion factor used in this study. 


For perfect rebound with: 


is = 0.01, 


Paz 0.0, 
whe 
Frequency ratio Amplification Factor 


‘ ies 
C2) i | i yo She. 


\\ 
oO 
ro) 





Re 
o 

NS 
Cad 





The results compare favorably except at the low frecuency ratios 
of 1.4 to 2.5 where the difference is approximately 4 - 5%. 
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Another comparison of interest can be made with analog results for 
inelastic impact published in "Vibration and Shock Isolstion”“ by C. EF. 
Crede (2] . Crede reduced data originally obtained by K. D. Mindlin (3 | : 
At high frequency ratios the maximum acceleration of mM occurs beiore re- 
bound so it is reasonable to expect the results for inelastic impact to be 


in close agreement with the results for perfect rebound. For ft =0O.0; 





Frequency ratio | Transmissipility 
wif a Crede (2}| Dauber 
0,46 
0.19 | o.17e | 
0.19 | oe | 


Crede's values are taken from a plot and are not to be considered the 
exact experimental values. It can be seen that the agreement is reasonably 
close. 

The above comparisons of analytical and other analog results with 
the analog results of this study suggest that the accuracy of the latter is 


approximately 4%. 
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Nig Conclusions 

Design curves have been obtained for predic ing the ~e. 1 ur o} 
a two degree- of -freedom linear system with perfect rebul ni. Tsese 
curves are believed accurate within ' 4%. The following gener x} textures 
of the response behavior may be deduced: 

a) Transmissibility curves show that in order to benefit signiticantly 

from cushioning the frequency ratio <¢ ft, must be greater than 

2 (Figs. 6 and 7). In this region increasing W,/4), decreases 
y 


ons a 5 ’ P 4 
* , . The addition of small amounts Of dumping \ fo“: 


in the cushioning has negligible effect and greater dumping increases 


@ 


x (Fig. 6). For a number of element~ o: the same fre- 
NG | _ 
quency ., the acceleration ~, ,,, Will be least for the most 


massive (largest value of «4 ) (Fig. 7). 
b) The maximum cushion deflection *. ,; ., varies inversely with 


G2 and decreases monotonically with incressing damping 


(Pig. 12). 
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APPENDIX A Summary of Experimental Data 

The summary of experimental data is presented in Tables 1 to 
LEZ, 

Tables 1 to 6 list the maximum responses with darmping and zero 
mass ratio. 

Tables 7 to 12 list the maximum responses with no damping and 
various mass ratios. Tables 1] and 12 are for the same mass ratio 
f* = 1.0 and they show the een scatter established during 


separate runs. 
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zk 69 frequency 
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j | 3 69 
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a 5 54 
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! 7 55 
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.8 54.5 
85 54 
.9 54 
£95 52.5 
1.0 52 
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Table lil 
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Appendix B Analytical Solution to the Differential Equations of 
Motion 
Ie, Analytical solution for fEwto and no damping. 


With no damping Eqs. (4) and (5) become: 


x= ~u™ ( ) as xe, (3) 
xX Co X a. aa a ae ¢ (10) 


The limiting form of Eq. (10) pina 1 approaches zero is: 


O° 


ye = Ww Koss (2) 


The initial conditions at t=o are: 


Substituting these initial conditions in the general solutions of Eqs. 


(9) and (11) gives: 


A- 

a ; s - 

a ee & 5 dhe Ww G C A i DR (ul, ¢ a (12) 
; a. ee a 

On), ait de 


os 
r 
x 





City. Cy 


co ee e ; ne 
co XG), (i, Abn (9 — WO, Dw wit J. (13) 


Ny \ OL ™ ie Be 
7 | as 


Cc 
| ae “+ ; 
KK = a. Rw rae , (2.4) 
Eqs. (12)- (14) are valid up to the time of rebound of Ma. Rebound 


occurs at time t , when the acceleration of Mo is zero. 


4l 





sa = mi. 45) 
6 ee 


After rebound: Losing contact with the support requires that we 
replace Eq. (11) with: 
eras (11°) 
The initial conditions are determined at the time of rebound, ‘ly = W/ Ws 


¢ 
We will start a new time coordinate with t=O . The initial conditions 





are: 
a ars | eae Gs, 
xX, 2. aad me CU, N) Ae i 
Gc =o a 2 = A Fe ) 
GD; Cs, Cw, >. 
C S = a 
xX, ; — ars CU, | a Coy yaw a0 Gute J 
C =o Cs > a)” co) LJ. 
es oa J 
© o 
Ae — —-xX., - 
2. 4. “=O ys 


Substituting these initial conditions in the general solutions of Eqs. 
(9) and (11') gives: 

- a. 
xX, =D LX. Wa Kor TH paw Ct eas Xt. 48) 


(W,"— wW,*) W, a. 


ae == 2X, — Co) for tin (wt +E rit). (17) 
i.),* 49a) Wa 
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a 
ck ah . (38) 


Eqs. (16) - (18) are valid for to Lande Sig 
2. Analytical solution for fered with damping. 


The differential equations of motion are equations (4) and (5) 


of the Introduction. 


ce Bene : . 
‘ a Ao Mee. y ane ) .& is 
xX — GQ), ( ae XJ cay 2) Ww, ( x, = y aed ) ; (4) 
Onis pa 7 i; Ce 
a — scot oe 5 & ia < [Se Cy. xs 2, we : ~< 3 (5) 
The limiting form of Eq. (5) when fe approaches zero is : 
hs -_ : ~ oy & : 
Ay = -G % -BB, Ww, &,. (13) 


The initial conditions at t=o are: 


Substituting these initial conditions in the general solutions of Eas. 


(4) and (19) gives: 


« 


MeEE Lf . . . Be a * +B. 
X= cai 5 (K, fie. ag aed (J civyt) Tt 1G ( ey 4 & tor.bt) c (20) 
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x = (= 2.53.4 - 5G ee g- & ) eo Kir yet 


4.)°- ’ hs Ste ae = € 
at ( ™; go Nw - Faye Gl se s Wa ) c 5 AUN. gt 


ed 


sind = Low + ‘eos WK - b> Ce J 


ap : a at 
l= 1 +4$8G t+a*P)e™= 


36 we ea 
Ka Xe © Din Wt - 


Mire 


where Ose oa Os 


aah 
b= co, ( |~ 8. ) ‘ 


i = i= CU , 
Gi GS /— 8, )% i. 


K= X taQ-S@—bP . 
re 


Gee Mbt af tu?) + N( Rab -ab4) 
- 


~ ie Oe Lok + (a, ae ( aah —2.' “Be 


P = Neb le Bef we w, — IM (2 alo -aSb 
(- b*s i" —2Fa a 0,2) 4+ ( aa.b — a4b)7 


M = aah > 
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c , a 
Lan, nt 


(21) 


(22) 


(23d) 


(22e) 


(23) 


(239) 


(23h) 





hd ae : —— 
\\ = Sar Pe 8 Ae mB XK, Ch, 2 254) 
b 5 
Eqs. (20) - (22) are valid up to the time of rebound which occurs 
at time 26 ; When the acceleration of ms is zero. 


. 


a = + Je ae “| (3 pe , (24) 
Rare oe Lab 


After rebound: Losing contact with the support requires that we 
replace Eq. (19) with: 
Ln ut | ? 
X,= 0 (19") 
The initial conditions are determined at time of rebound te, - We 


g 
will start a new time coordinate with (=o. The initial conditions 


will be designated as follows: 


een ts VJ _ 

4 = x | = 

ed rt, 4 “+! =0 Kae J 
heveo sz tee J + 620 7 Aza. €; 3 


Substituting these initial conditions in the general solution of Eqs. 
(4) and (19') gives: 


Kise he (i cor gt’+ Hain gt +i +k t. G8) 


x, = ( 4“ It, _ : ‘ on Lees \4. H, <3" Now gt 


| 7: | . Ce as : 
+ OSA -9"H, -a fy tale cos go. (26) 


ey ce (27) 





where -. 
Hy = Mug — Sage (28a) 
eae Ne See tan (28b) 
Eqs. (25) - (27) are valid for t’20 and Cam 
38 Analytical solution for PF = By =O, kL#0. 


With no damping Eqs. (4) and (5) become: 


a = ion eK — Kee (9) 
x. = oe Kear —Ar x , (10) 


The initial conditions at t=o are: 


Xx 
1 
x 
u 
C 
Res 


=) 
S : — 3 
= a ee 


(a) Because the solution of Eqs. (9) and (10) becomes intractable in 
literal form, the following numerical values are assigned: 


©) 


| _— v . . wom ™ ts 
CeO. 2! 2 >< =e re 


CI. =U. | ; ae O.2. . 
Substituting the initial conditions and the above assigned values in the 


general solutions of equations (9) and (10) gives: 


Ky = - 4258.4 pO ° aoaitt + 6695S, 2, Piro oxqdd t 2 (29) 
X= Ald av. aaset -S3.a ui .0Ttd4. (30) 
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pee) Ones hie SEE re aya. OL 797 Le (31) 
Equations (29) - (31) are valid up to time of rebound of mg . Re 
bound occurs at time t, when X, is zero. Time T, is determined by 
a trial and error procedure and 

ee “to = 35.39 seconds. (32) 


After perfect rebound: Losing contact with the support requires 


that we replace Eq. (10) with: 


“» 
ty 


. Ce ee bce.) ‘ | (10') 
The initial conditions are determined at time of rebound ©, . We will 


start a new time coordinate with tze . The initial conditions are: 


pa = -SSs x = 
\ = ¢ q y A 4 Hu © 


= ~ ae 7 ss 
x, b20 = == Se SO. fF , Xa Cc’ Sf Z 


= 
Substituting these initial conditions in the general solutions of Eqs. 


(9) and (10') gives: 


7 ¢ 
X= — 13.2 -F% C ~-F30 iw 2/9) © +466 por. Hl. (33) 
x aa AO.E ee) ee FAL Coa. 2IGT. (34) 


Bea 93.2 96. / LO +86 Al / 7 LC + $3,2 a ya (35) 
Eqs. (33) - (35) are valid for =o and C= 35.35 seconds. 
(b) For additional comparison with analog results the mass PN ee 
is set at unity and the assigned values for @, , W&, and X, 


remain 0.2, 0.1 and 500 respectively. Substituting the initial conditions 


into the general solutions to (9) and (10) gives: 
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XK, = a 14,4 eT vir eae 4/ r. sis TF A as 7 AL é OLS ra (26) 


O¢ a , Pe . 
Xi = a. eee - 2. y wf = — os » As St - 6 Cet 2, (27) 
Me. 2. im, mC PF OE LPO te, TOES (38) 


Eqs. (36 - (38) are valid up to time of rebound which occurs at time €, 
when X., is zero. 


=o 


~. = $6.02" seconds. (33) 

x, = s 
After perfect rebound: Losing contact with the support requires 

that we replace Eq. (10) with Eq. (10'). The initial conditions are 


determined at time of rebound *, . We will start a new time 


coordinate with t =: . The initial conditions are: 


* 
ie 

if 
2) 


ms | TY ed 
Xi piec ai (( Soa P! 


€'20 y) 
4 ET x EEG 2 2 
ea a ai J 4, "2g _ 


Substituting the initial conditions into the general solutions of Eas. 


(9) and (10') gives: 


“gk 
ZF aC. (4 OG) 


“7 “by ‘ ones a ye 
x; = —2 7.7 —F7e, a 8 ert LT nlhéietties AE OC 2 7. F OBS g 


* > 4 7 ; ; - y 
xX; = |. o Aatyt-~ o diel EG oa nde € ae: ae eae lot oc : (4 1) 


“Yor . ay e 2 ep” . é . J 39 ; a 
Kx = —-S7.7 -— FY2.L Z CITT sep. MELE ao £04 get, keke lh (4 2) 


Eqs. (40) - (42) are valid for C2¢ and ¢ = 48.05 seconde. 


48 





Appendix C Summary of Analytical Data 


Table 13 


Analytical data for: 


Vy =- 0,0/ ee eek 
Md De, 2 

Yo OZ. CU, = OC 

LA. = Cro x<, 3 ila 
Pe 


The solutions are ( from Eqs. (20) - (22) and (25) - (27) ) 


Before rebound 
=, = tO Look , e 
pe = 33.1 cow, 2t +o4sSe pin 2t 
nr <u, Cae j . bat ‘ 
moons | es ae oggt -So6.7e ‘ain. 048 . 


ee SOx e.~ = cada 


After rebound 


f 
os ~ o0nt / 
al bare — leak a 
tes é A : 7 
SS (ee 002 ge pak, G P 
af 
Xo, = lito - ays.79 (Gine. 
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Table 13 
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Table 14 


Analytical data for: : 


= = 
>, Se ae? i! Ch 
a / 4 
, — , ) a? 
SOC 
© — / 
ec. & Oy 2. , =- i> € 


The solutions are Eqs. (30), (31), (34) and (35): 
Before rebound 


o~ ae a Dt oth C e 


a A (oes Je. @ Aa, SOE a 


78 OVE er he top S2 gaff Lee. OLSAATL , 
After rebound 


Ou! i y a A a 
a ae IG) Cl! eae IC 


? Jo¢ 
‘ on. EPA SY, Po / Seal Ce P ‘ S 
re = SO me 2, / T° gp Pe ie, / y 


uffe f 3 12, td. LG a 2 


o1 





Table 14 


0 

0) 
al 
4 
aT, 
7 
415 
.3 
3 
4 
510, 
ve 
se 
a: 
8 
4 
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Table 15 


Analytical data for: 


Vey =o 
Vom _ O,9 CU 2. > Of 
vee —_ TO ><, = soo 
The solutions are Eqs. (37), (38), (41) and (42): 
Before rebound 
eS S olin 0/0 BG ee tee en 
Kis = 28 Bbw. 29all +b62/E4 pine 0lest, (38) 
(41) 


cu 


a 


After rebound 
; ? 
3.3 Biv) ome 7 eae fart P 
d 
Xa -277-SM 20° 4/19 thy AFB C +87, Tea wae, (42) 
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Appendix D Operating Routine 

Preliminary preparations: The coefficient potentiometers were 
calibrated with the comparator bridge. This calibration was veritied 
several times during the course of the study. The recorder'’s timer was 
calibrated with an electric stop watch. 

Daily preparations: The computer's amplifiers were balanced 
after an initial warmup period of at least twenty minutes and at the 
beginning of each series of runs. The initial conditions en verified 
after each series of runs. The recorder channels were calibrated before 
each series of runs. The calibration was checked after the series of 
runs and recalibrated if necessary. Capacitors and resistors were cali- 
brated with a capacitance bridge and a standard resistor respectively. 
Each capacitor was inserted in a separate integrating circuit and checked 
for improper period and excess leakage. Coefficient potentiometers in 
fie problem circuit were adjusted for any day to day variation of the 
capacitors. A check off sheet was maintained for all daily preparations F 

In all runs ae CJ. potentiometers were kept ata constant value 
of 0.l rad. / sec. and the 4, potentiometers were varied to give the 
desired W,/uu), ratio. The is ; B and a potentiometers were set ~ 
with their required values and remained constant for the complete range 
ofthe w,/ du, ratio. The output of Amplifier #1 was always fed to 
one of the recorder ¢hannels a verify proper operation of the diode 


limiter. At cutoff by the diode limiter the output voltage of Amplifier #1 


was approximately 0.4 volts. The maximum output of Amplifiers #5 and 


La 





v “A 
#6 were recorded on the data sheets. A rough plot of x, and Gu, ae 
at, = 


versus wis, was made concurrent with computer operation. This 


rough plot served as an indication of unexpected responses. 
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Appendix E Equipment 


a. Analog Computer, Model 30 
Donner Scientific Company 
Berkeley, California 

I. Comparator Bridge, Model 50 
Donner Scientific Company 
Berkeley, California 

eS. Four Channel Recorder, Model 154-1100A 
Sanborn Company 
Cambridge, Mass. 

le, Vacuum Tube Voltmeter, Model 311 
Simpson Electric Company 


Chicago,. Illinois 
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